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INTRODUCTION 

This handbook is another in a series intended to familiarize the user with the 
newest members of the Digital Equipment Corporation (DEC) PDP-8 family of 
small, general-purpose computers. This handbook explains; both the PDP-8/1 
"and the PDP-8/L central processors and how they are interfaced and operated 
with the wide variety of peripheral equipment available. 

The following topics are covered in this handbook: System Introduction; 
Standard System Operation; Memory and Processor Basic Programming; 
Memory and Processor Instructions; Data Break; Computer Internal Options; 
Input and Output Equipment and Instructions; Input and Output Facilities; 
Programmed Data Transfers; Data Break Transfers; Digital Logic Circuits^ 
interface Design, Technique, and Connections; and Installation and Planning. 
Related data is included in the appendices. 

Another member of this series of handbooks is titled, An Introduction to 
Programming. This programming handbook familiarizes the user with the 
principles of programming the PDP-8 family of general-purpose computers; 
together this handbook and the programming handbook describe the com- 
plete hardware and software aspects of the PDP-8 family. Of necessity, the 
user will find that the material in this handbook sometimes reflects the 
material in the programming handbook; unfortunately, this is necessary to 
preserve the continuity of descriptions in this handbook. However, the purpose 
of this handbook is to describe the hardware and its organization into the 
general-purpose computer system, along with applicable programming instruc- 
tions. 

THE PDP-8/1 PROGRAMMED DATA PROCESSOR 

The PDP-8/1 is a fully-parallel, 12-bit random-access, 4096-word core memory 
system. It performs general-purpose computations and process control opera- 
tions. Transistor-Transistor Logic (TTL) integrated circuit modules make the 
PDP-8/1 a compact, economical, and rugged system that is easy to interface 
and maintain. The PDP-8/1 is a single-address, fixed-word-length system that 
uses 2's complement arithmetic. The basic PDP-8/1 system includes the central 
processor, a 4096-word core memory, input/output transfer facilities, an 
operator's console, and a Teletype. 

The 4096-word core memory is standard in the basic system. Central processor 
prewiring permits another 4096-word core memory to be plugged into the 



standard cabinet. Six additional 4096-word core memory blocks can expand 
the PDP-8/1 core memory capacity up to 32,768 words. Other low-cost storage 
devices such as DECdisk, DECtape, and IBM compatible magnetic tape can be 
easily and economically added.. Peripheral and interface devices are connected 
to the PDP-8/f through a versatile input/output bus. A built-in instruction 
skipping capability provides a convenient method for checking the status of 
peripherals. Data is transferred between the PDP-8/1 and bus-connected 
devices in three ways: 1) through program interrupts, 2) through programmed 
data transfers, and 3) through data break transfers. The user can choose the 
most efficient method for transferring data depending on his peripheral and 
interface servicing requirements. 

THE PDP-8/L PROGRAMMED DATA PROCESSOR 

The PDP-8/L is the lowest cost full-scale computer system available. The 
basic PDP-8/L system includes the same fully-parallel processor and 4096- 
word core memory as the PDP-8/1, along with I/O transfer facilities, an op- 
erator's console, and a Teletype. 

Like the PDP-8/1, the PDP-8/L is a single-address, fixed-word-length system 
using 2's complement arithmetic. Operation and performance of the 8/L is 
essentially the same as that of the 8/1. Like the PDP-8/1, the PDP-8/L is con- 
structed from TTL integrated-circuit modules for economy, ease of mainte- 
nance, and compactness (the PDP-8/L measures 8% inches high, 19 inches 
wide, and 2034 inches deep). The basic difference between the PDP-8/1 and 
the PDP-8/L is that the PDP-8/L does not have the same internal prewiring 
that otherwise permits peripherals to plug directly into the 8/!. 

The PDP-8/L has a positive input/output bus that is functionally similar to that 
of the PDP-8/1. The PDP-8/L is slightly slower than the PDP-8/1; its memory- 
cycle time is 1.6 microseconds as compared to 1.5 microseconds for the 
PDP-8/1. The PDP-8/L cannot accommodate an extended arithmetic option: 
and core memory can only be expanded up to a capacity of 8192 words. 

A memory protection feature of the PDP-8/L permits 128 12-bit core memory 
registers to be protected from memory modifying instructions, operations, or 
from break cycles. This part of memory can be used for storage of leaders, 
program constants, etc. If an illegal reference is attempted, the computer halts 
at the end of the illegal instruction without modifying memory. Memory pro- 
tection is enabled by a switch on the operator's console. 
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TIMESHARED-8 is a new concept in small computers. It is a multi- 
language, local time-sharing system including a PDP-8 Family com- 
puter and from 8 to 32 terminals. 
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PDP-8/1 and PDP-8/L are the latest members of the PDP-8 Family 
of general-purpose computers. They are the faster, smaller and 
more economical successors to the over 4,000 PDP-8 Family com- 
puters installed all over the world. 
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CHAPTER 1 
SYSTEM INTRODUCTION 

This handbook describes Digital Equipment Corporation's Programmed Data 
Processors -8/1 and -8/L (PDP-8/1 and PDP-8/L). All times and values dis- 
cussed in this handbook are relative *o both systems, unless otherwise noted. 
Where a difference exists, the specifications applicable to the PDP-8/L are 
given in brackets [ ]. 

The PDP-8/1 and PDP-8/L are small scale, general purpose computers. TTL 
monolithic integrated circuit modules are used throughout, and provide efficient 
packaging, high reliability, and noise immunity. Both of these computers are 
single address, fixed word length, parallel-transfer computers using 12 bit, 2's 
complement arithmetic. Cycle time of the 4096-word random-address magnetic- 
core memory is 1.5 ^s [1.6 /iS]. Standard features of both computers include 
indirect addressing and facilities for instruction skip and program interrupt as a 
function of the input/output device conditon. 

The 1.5 [1.6] MS cycle time of the machine provides a computation rate of 
333,333 [312,500] additions per second. Each addition requires 3.0 [3.2] [is 
(with one number in the accumulator) and subtraction requires 6.0 [6.4] fis 
(with the subtrahend in the accumulator). Multiplication is performed in approx- 
imately 315 [336] lis by a subroutine that operates on two signed 12-bit num- 
bers to produce a 24-bit product, leaving the 12 most-significant bits in the 
accumulator. Division of two signed 12-bit numbers is performed in approxi- 
mately 444 [474] ^s by a subroutine that produces a 12-bit quotient in the 
accumulator and a 12-bit remainder in core memory. Similar multiplication and 
division operations are performed in approximately 6.0 and 6.5 ^s, respectively, 
utilizing the Extended Arithmetic Element which is optional only to the PDP-8/1. 
The flexible, high-capacity, input/output capabilities of these computers allow 
them to operate a large variety of peripheral equipment. Besides the standard 
keyboard and paper-tape punch and reader equipment, these computers are 
capable of operating in conjunction with a number of optional devices such as 
high-speed perforated-tape readers and punches, card reader equipment, line 
printers, analog-to-digital converters, cathode ray tube (CRT) displays, magnetic 
drum systems, magnetic tape equipment, a 32,000-word random-access disk 
file and a 225,000-word random-access disk file. Specially designed equipment 
is easily interfaced with either of these systems. The computers do not have to 
be modified when peripheral devices are added. 

The PDP-8/1 and PDP-8/L systems are completely self-contained, and require 
no special power sources or environmental conditions. A single source of 115V, 
47-63 Hz, single-phase power is required fo; the PDP-8/L and either 115V 
or 220V, 50 or 60 Hz, single-phase power is required for the PDP-8/1. Internal 
power supplies produce the necessary operating voltages for both systems. 
Modules utilizing TTL monolithic integrated circuits assure reliable operation 
in ambient temperatures between 50 and 130 degrees Fahrenheit. 

COMPUTER ORGANIZATION 

The PDP-8/1 and PDP-8/L systems are organized into a central processor, core 
memory, and input/output equipment and facilities. All arithmetic, logic, and 
system control operations are performed by the central processor. Permanent 



(longer than one instruction time) local information storage and retrieval opera- 
tions are performed by the core memory. The memory is continuously cycling, 
automatically performing a read and write operation during each computer 
cycle. Input and output address and data buffering of the core memory are 
performed by registers in the central processor, and the operation of the core 
memory is under control of timing signals produced by the central processor. 
Because of the close relationship of operations performed by the central proces- 
sor and the core memory, both are described in this chapter. 

Central processor interface circuits provide bussed connections to a variety 
of peripheral input/output equipment. Each input/output device is responsible 
for detecting its own select code and for providing all required input or output 
gating. Individually programmed data transfers, between the central processor 
and peripheral equipment, take place through the central processor accumula- 
tor. Data break transfers can be initiated by peripheral equipment, rather than 
under program control through the data break facilities (standard on the 
PDP-8/1; optional on the PDP-8/L). Standard features of both computers allow 
peripheral equipment to perform certain control functions, i.e., instruction 
skipping and a transfer of program control initiated by a program interrupt. 

Standard peripheral equipment provided with each of these systems consists 
of a Teletype Model 33 Automatic Send-Receive (ASR) set and a teletype 
control logic unit. The ASR set is a standard machine operating from serial 
11-unit-code characters at a rate of ten characters per second. The ASR pro- 
vides a means of supplying data to the computer from keyboard-controlled 
perforated tape, and supplies data as an" output from the computer in the 
form of perforated tape and/or typed copy. The teletype control serves as a 
serial-to-parallel converter for teletype inputs to the computer and serves as a 
parallel-to-serial converter for computer output signals to the Teletype unit. 
The Teletype and ail optional input/output equipment are discussed in Chapter 
7 of this handbook. 



SYMBOLS 

The following special symbols are used throughout this handbook to explain 

the function of equipment and instructions: 
Symbol Expjanajon 

A ->• B The contents of register A are transferred into register B 

->■ A Register A is cleared to contain all binary Os 

A- Any given bit in register A 

As The content of bit 5 of register A 

A5(l) Bit 5 of register A contains a 1 

Aj- 1 1 The contents of bits 6 through 1 1 of register A 

At- 11 ->■ Bo-5 The contents of bits 6 through 11 of register A are 
transferred into bits through 5 of register B 

Y The contents of any core memory location 

V Inclusive OR 
•V- Exclusive OR 
A_ AND 

A One's complement of the content of register A 



MAJOR REGISTERS AND MEMORY 

In order to store, retrieve, control, and modify information and to perform the 
required logical, arithmetic, and data processing operations, the core memory 
and the central processor employ the logic complement shown in Figure 1-1 
and described in the following paragraphs. 



Accumulator (AC) 

The AC is a 12-bit register in which arithmetic and logic operations are per- 
formed. Under program control the AC can be cleared, complemented, or its 
contents can be rotated right or left. The contents of the memory buffer 
register can be added to the contents of the AC and the result stored in the 
AC. The contents of both of these registers can be combined by the logical 
AND operation with the result remaining in the AC. The inclusive OR may be 
performed between the AC and the switch register (on the operator's console) 
and the result left in the AC. The AC also serves as an input/output register; 
all programmed information transfers between the core memory and an 
external I/O device are passed through the AC. 
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Figure 1-1. Simplified Block Diagram 



Link (L) 

The Link is a 1-bit register which is used to extend the arithmetic facilities of 
the AC. It is used as the carry register for 2's complement arithmetic. Overflow 
into the L from the AC can be checked by the program to greatly simplify and 
speed-up single and muLiple-precision arithmetic routines. Under program 

rrogrsm v>ouni,8r yPC^ 

The PC is a 12-bit register which is used to control the program sequence; 
that is, the order in which instructions are performed is determined by the 
PC. The PC contains the address of the core memory location from which the 
next instruction is taken. Information enters the PC from the core memory, 
via the memory register, and from the switch register on the operator's console. 
Information in the PC is transferred into the memory address register to 
determine the core memory address from which each instruction is taken. 
Incrementing the contents of the PC establishes the successive program core 
memory locations and provides skipping of an instruction based upon a 
programmed test of information or conditions. 

Memory Address (MA) Register 

The MA register is a 12-bit register that contains the address in core memory 
which is currently selected for reading or writing. Therefore, all 4096 words 
of core memory can be addressed directly by the MA. Data can be transferred 
into the MA from the memory buffer register, from the program counter, or 
from an I/O device through the data break facilities. 

Switch Register (SR) 

The SR is a 12-bit register made up of manually-operated switches that can be 
used to load information for transfer into the program counter as an address, 
by means of the load address switch, or into the memory buffer register as 
data to be stored in core memory, by means of the deposit switch. Both 
switches are on the operator's console. The contents of the SR also may be 
transferred to the AC under program control. 

Memory Buffer (MB) Register 

The MB register is a 12-bit register that is used for all information transfers 
between the central processor registers and the core memory. This informa- 
tion can be transferred and temporarily held in the MB from the AC or PC. 
The MB is simultaneously read and incremented by one before being read 
back into memory. Information can be loaded into the MB from an external 
device during a data break or from core memory via the sense amplifiers. 
Information is read from a memory location in 0.80 us (for both systems) and 
rewritten in the same location in another 0.70 [0.80] /.!S of a single 1.5 [1.6] 
(is duration memory cycle. 

Instruction Register (IR) 

The IR is a 3-bit register that contains the operation code of the instruction 
currently being performed by the machine. The three most-significant bits of 
the current instruction are loaded into the IR from the MB during a fetch 
cycle. The contenLs of the IR are decoded to produce the eight basic instruc- 
tions, and affect the cycles and states entered during each step of the program. 

•Of 

Core Memory 

.The core memory provides random-access storage for both instructions to be 
performed and information to be processed or distributed. This magnetic core 



memory' holds 4096 12-bit words in the standard PDP-8/1 and PDP-8/L. 
Optional equipment extends the storage capacity in fields of 4096 words [the 
PDP-8/L is limited to one such extension] or expands the word length to 13 
bits to provide parity checking. Memory location Og is used to store the con- 
tents of the PC following a program interrupt, and location Ig is used to store 
the first instruction to be executed following a program interrupt. (When a 
program interrupt occurs, the contents of the PC are stored in location Og, and 
program control is transferred to location Ig automatically. Core memory 
locations lOg through 178 are used for auto-indexing. All other locations can 
be used for the storage of either instructions or data. 

The core memory contains numerous circuits such as read-write switches, 
address decoders, inhibit drivers, and sense amplifiers. These circuits perform 
the electrical conversions necessary to transfer information to or from the 
core array; they perform no arithmetic or logic operations upon the data. 
Since their operation is not discernible by the programmer or operator of the 
PDP-8/1 or PDP-8/L, these circuits are not described. 



MAJOR PROCESSOR STATES 

Both the PDP-8/1 and the PDP-8/L utilize six processor states to either execute 
programmed instructions or to effect a data break. To accomplish this, a 
major state generator is used to establish one state for each computer timing 
cycle. The major processor states are: Fetch, Defer, Execute, Word Count, 
Current Address, and Break. Fetch, Defer and Execute states determine and 
execute instructions; Word Count, Current Address, and Break states are used 
during a data break and are based on request signals received from peripheral 
I/O equipment. 



Fetch (F) State 

Assuming the computer is in a fully automatic, running condition; that is, the 
computer is continuously functioning to fetch and/or execute instructions, the 
PC register's contents are transferred to the MA register. When this is accomp- 
lished, the MA is simultaneously incremented by one and the result is trans- 
ferred to the PC register, initiating the Fetch state. At this time, TSl, the 
memory is also strobed. At a time TS2, the contents of the memory appear at 
the output of the memory (MEM) register (synonymous with the output from 
the sense amplifiers) and are transferred to the MB register. Simultaneously, 
the contents of the first three bits of the MEM register are also transferred to 
the IR. This completes the activity during time TS2 of the Fetch state. During 
times TS3 and TS4, the Fetch instruction is acted upon (executed if instruction 
was single-cycle, identified or deferred if instruction was two- or three-cycle). 
During time TS4, the contents of the PC register are transferred to the MA 
register (incremented if a skip condition exists), and the cycle is ready to 
repeat. 



Defer (D) State 

The Defer state is entered if a binary 1 is present in bit 03 of a memory refer- 
ence instruction. This state causes the central processor to obtain the full 
12-bit address of the operand from the address in either the current page or 
page zero, as specified by bits 4 through 11 of the instruction. This process 
of address deferring is called indirect addressing because access to the oper- 
and is addressed indirectly, or deferred, to another memory location. 



Execute (E) State 

The Execute state is entered for all memory reference instructions except 
jump. During an AND, two's complement add, or increment and skip if zero 
instruction, the contents of the core memory location specified by the address 
portion of the instruction are read into the MB and the operation specified by 
the instruction register is performed. During a deposit and clear accumulator 
instruction, the contents of the AC are transferred into the MB and stored in 
core .me.mory at the address specified in the instruction. During a jump to a 
slibroutine instruction, the Execute state occurs to write the contents of the 
PC into the core memory location as designated by the instruction and to 
transfer this address +1 into the PC to bring about a change in program 
control. 



Word Count (WC) State 

The WC state is entered whenever an external I/O device supplies signals 
requesting a data break and specifying that it should be a three-cycle data 
break. When this state occurs, a core memory location designated by the I/O 
device and simultaneously incremented by one, and read into the MB, is 
rewritten back into the same location. If word count overflow occurs, the 
central processor transmits a signal to the I/O device indicating that the 
desired number of data break transfers will have been enacted at the comple- 
tion of the current break cycle. The Current Address state is then entered. 



Current Address (CA) State 

The CA state is the second state of a three-cycle data break. During this cycle 
the address for the data to be transferred in the next or third cycle is estab- 
lished. Normally the location following the word count is read from core 
memory and simultaneously incremented by one and transferred into the MB, 
thus establishing sequential addresses for the transfers; it is then transferred 
into the MA to determine the address selected for the next cycle (Break state). 
In the event the address incrementing operation is not used, the device 
supplies an inhibit signal to the computer so that the word read during this 
cycle is not incremented. Transfers occur at sequential addresses due to 
incrementing during the CA state. The Break state follows the CA state. 

Break (B) State 

The Break state is either the third cycle of a three-cycle data break or the only 
cycle of a single-cycle data break. This state is entered to enact a data transfer 
between computer core memory and an external I/O device. When a break 
request signal arrives and the cycle select signals specifies a single-cycle data 
break, the computer enters the Break state at the completion of the current 
instruction. Information transfers occur between the external device and a 
device-specified core memory location, through the MB. When this transfer is 
complete, the program sequence resumes from the point of the break. The 
data break does not affect the contents of the AC, L, or PC. 



TIMING AND CONTROL ELEMENTS 

The Timing and Control Elements are determined by circuits shown in Figure 
1-2. 




Figure 1-2. Timing and Control Element Block Diagram 

This figure shows the timing and control elements described in the succeeding 
paragraphs and indicates their relationship to the major registers. These 
elements can be grouped categorically into timing generators, register controls, 
and program controls. 



Timing Generators 

The timing generators provide the timing pulses which determine the com- 
puter cycle time and which are used to initiate sequential time-synchronized 
gating operations. Timing pulses used during operations resulting from the 
use of the keys and switches on the operator's console are produced by the 

control circuits during power turn-on and turn-off operations are produced by 
the power clear pulse generator. Several of these pulses are available for 
peripheral device control to be utilized with devices using programmed or data 
break information transfers. 

Register Controls 

The Register Controls are control gates which gate the contents stored within 
the AC, MA, MB, and/or the PC registers onto the common register bus. In 
both the PDP-8/1 and PDP-8/L the gated input bus of each register is tied to 
the common register bus through the register control gates. The output of the 
common register bus is the major register gating circuit. The data on the 
common register bus originates from the various outputs of each register and 
can be gated directly to another register or modified by the adders within the 
major register gating circuit. When the contents of one register are to be 
transferred to another register, the contents are gated by the register output 
gate control onto the common register bus and are then strobed into the 
appropriate register. Data can thereby be transferred directly between registers, 
or the data can be modified during transfer to provide SHIFT, CARRY, or SKIP 
operations. Operations such as incrementing a register are accomplished by 
gating the output of the register onto the register bus, gating the carry insert 
into the adder, and strobing the results back into the same or some other 
register. 

Program Control Circuits 

The Program Control Circuits produce iOP pulses that initiate operations 
which are involved in input/output transfers, determine the advance of the 
computer program, and allow peripheral equipment to cause a program 
interrupt of the main computer program. This program interrupt transfers 
program contro! to a subroutine to perform a service for the i/0 device. 

INTERFACE 

The input/output portion of both systems is extremely flexible and interfaces 
easily with special equipment, particularly in real-time data processing and 
control environments. Both PDP-8/1 and PDP-8/L computers utilize positive 
logic within the central processor. The PDP-8/1 has two bus systems which 
provide either a positive [KA8/I option] or a negative input/output bus system; 
whereas the PDP-8/L has a positive I/O bus system only. However, either 
system, through the use of an external option (the DW08 A or B), can have 
both a positive (-f 3V) and a negative (-3V) bus. Therefore, these systems are 
compatible with existing peripheral equipment offered by Digital Equipment 
Corporation and other manufacturers. 

These computers utilize a "bus" I/O system rather than the more conventional 
"radial" system. The "bus" system allows a single set of data and control lines 
to communicate with all I/O devices by going from one device to the next. No 
additional connections to the computer are required. Conversely, a "radial" 
system requires that a different set of signals must be transmitted to each 
and every device; and thus the computer has to be modified for each new 
device added. It is not necessary to modify either the PDP-8/1 or the PDP-8/L 
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when adding new peripheral equipments. High-speed, direct-data transfers 
may also be made utilizing core memory through the use of the data break 
facility, which is standard equipment in the PDP-8/1 and optional for the 
PDP-8/L. It is ordinarily used with fast I/O devices such as magnetic disks or 
tapes. Transfers through the data break facility are interlaced with the program 
in progress and are initiated by a request from the peripheral device and not 
by programmed instruction. Therefore, the device may transfer a data word 
with memory whenever it is ready and does not have to wait for the program 
to issue an instruction. Computation may proceed on an interlaced basis with 
these transfers. Interface signal characteristics are discussed in Chapter 12. 



FUNCTIONAL SUMMARY 

The operation of these systems is accomplished on a limited scale by keys 
and switches on the operator's console. This manner of operation is limited 
to address selection and data storage by means of the switch register, core 
memory data examination, the normal start/stop/continue control, and the 
single step (both systems) or single instruction (PDP-8/1 only) operation 
manually allowing a program to be monitored visually during maintenance or 
program debugging. Most manually-initiated operations are performed by 
executing an instruction by special pulses rather than by the normal timing 
pulses. During automatic operation, instructions stored in the core memory 
are loaded into the memory buffer register and executed during pne or more 
computer cycles. Each instruction determines the major control states that 
must be entered for its execution. Eagh control state lasts for a single 1.5 
[1.6] lis computer cycle and is divided into distinct time states which can.be 
used to perform sequential logical operations. Performance of any function of 
the computer is controlled by the gating of a specific instruction during a 
specific major control state and a specific time state. 




PDP-8/L is the lowest cost full scale digital computer available; It 
comes In a very neat, small package with a very neat, small price. 
Just right for plugging into anyone's integrated system. 
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CHAPTER 2 
STANDARD SYSTEM OPERATION 

CONTROLS AND INDICATORS 

The controls and indicators on the operator's console provide manual control 
and indicate the program conditions of the PDP-8/1 or PDP-8/L Controls on 
the operator's console provide the operator with the hardware to start, stop, 
modify, or continue a program. The indicators on the console provide a visual 
indication of the machine status and current program, the contents of the 
major registers, and the condition of the control flip-flops. A lighted indicator 
denotes the presence of a binary 1 in a specific register bit position or control 
flip-flop. Table 2-1 lists the functions of controls and indicators for both the 
PDP-8/1 and PDP-8/L, noting the differences in the consoles. Figures 2-1 and 
2-2 illustrate the consoles. Controls and indicators of the standard Model 33 
ASR Teletype unit are shown in Figure 2-3 and their functions are described in 
Table 2-2. 

NOTE 
All notations in brackets [ ] indicate data for the PDP-8/L computer only. 







Figure 2-1. PDP-8/1 Front Panel 
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Figure 2-2. PDP-8/L Front Panel 
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Table 2-1. Operator's Console Control and Indicator Functions 



Control or Indicator 



Nomenclature 
PDP-8/1 PDP-8/L 



Panel lock keyswitch Panel 

Lock 



Power key switch 



Power 



Off/Power/Panel 
lock keyswitch 



OFF/POWER/ 
PANEL LOCK 



Function 



With this key-operated 
switch turned clockwise, 
all keys and switches, ex- 
cept the switches on the 
operator console, are 
disabled. In this condi- 
tion the program cannot 
be disturbed by inadver- 
tent key operation. The 
program can, however, 
monitor the contents of 
the SR by execution of 
the OSR or LAS instruc- 
tion. With this switch 
turned counterclockwise, 
all operator console keys 
and switches function 
normally. 

In the counterclockwise 
position this key-oper- 
ated switch removes pri- 
mary power from the 
computer, and in the 
clockwise position it ap- 
plies power. 

In the OFF position, this 
key-operated switch re- 
moves primary power 
from the computer. In 
the POWER position it 
applies power and en- 
ables all manual con- 
trols. In the PANEL 
LOCK position it main- 
tains power, but all keys 
and switches, except the 
SWITCH REGISTER, 
INST FIELD, and DATA 
FIELD switches on the 
operator console, are 
disabled. In this condi- 
tion the program cannot 
be disturbed by inadver- 
tent switch operation. 
The program can, how- 
ever, monitor the con- 
tents of the SR by execu- 
tion of the OSR or LAS 
instruction. - 
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Table 2-1. Operator's Console Control and Indicator Functions (Cont) 



Nomenclature 
Control or Indicator PDP-8/1 PDP-8/L 



Function 



Start switch 



Start 



START 



Load Address Switch Load Add LOAD ADDR 



Deposit Switch 



Dep 



DEP 



Examine Switch 



Exam 



EXAM 



Starts the computer pro- 
gram by turning off the 
program interrupt cir- 
cuits, clearing the AC, L, 
MB, and IR, setting the 
Fetch state, transferring 
the contents of the PC 
into the MA; and setting 
the RUN flip-flop. There- 
fore, the word stored at 
the address currently 
held by the PC is taken 
as the first instruction. 

Loads the contents of 
the SR into the PC [PC 
and MA], loads the con- 
tents of the instruction 
field switches into the IF, 
and loads the contents 
of the data field switches 
into the DF. [In the 
PDP-8/L, a memory cy- 
cle is also executed, dis- 
playing the contents of 
the addressed location 
in the MB]. 

Loads the contents of 
the SR into the MB and 
core memory at the ad- 
dress specified by the 
current contents of the 
PC. The contents of the 
PC are then incremented 
by one, to allow storing 
of information in se- 
quential memory ad- 
dresses by repeated 
operation of the deposit 
switch. , 

Sets the contents of core 
memory at the address 
specified by the contents 
of the PC into the MB. 
The contents of the PC 
are then incremented by 
one to allow examination 
of the contents of se- 
quential core memory 
addresses by repeated 
operation of the exam- 
ine switch. 
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Table 2-1. Operator's Console Control and Indicator Functions (Cont) 



Control or Indicator 



Nomenclature 
PDP,-8/l PDP-8/L 



Function 



Continue Switch 



uoni 



UUN I 



Stop Switch 



Stop 



STOP 



Single Step Switch Sing Step SING STEP 



Single Instruction Sing Inst (None) 

Switch 



Sets the RUN fiip-fiop to 
continue the program, in 
the state and instruction 
designated by the lighted 
console indicators, at the 
address currently speci- 
fied by the PC. [The 
PDP-8/L may be started 
without generating a 
power clear by depress- 
ing LOAD ADDR, then 
CONT.] 

Causes the RUN flip-flop 
to be cleared at the end 
of the instruction in 
progress at the time the 
switch is depressed. 

The switch is on in the 
up [down] position. In 
this position the switch 
causes^ the RUN flip-flop 
to be cleared to disable 
the timing circuits at the 
end of one cycle of op- 
eration. Thereafter, re- 
peated depressing of the 
continue switch steps 
the program one cycle 
at a time so that the 
contents of registers can 
be observed in each 
state. 

The switch is off in the 
down position. In the up 
position the switch 
causes the RUN flip-flop 
to be cleared at the end 
of the next instruction 
executed. When the com- 
puter is started by 
means of the start or 
continue switch, this 
switch causes the RUN 
flip-flop to be cleared at 
the end of the last cycle 
of the current instruc- 
tion. Therefore, repeated 
depressing of the con- 
tinue switch steps the 
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Table 2-1. Operator's Console Control and Indicator Functions (Cont) 



Control or Indicator 



Nomenclature 
PDP-8/1 PDP-8/L 



Function 



Switch register 
switches 



(not named) SWITCH 

REGISTER 



Data field switches 
and indicators 



Data Field 



DATA 
FIELD 
(switches 
only) 



Instruction field 


Inst Field 


INST 


switches and 




FIELD 


indicators 




(switches 
only) 



program one instruction 
at a time. [The single in- 
struction function may 
be obtained on the 
PDP-8/L by physically 
holding down the STOP 
switch]. 

Provide a means of man- 
ually setting a 12-bit 
word into the machine. 
Switches in the up posi- 
tion correspond to bi- 
nary Is, the down posi- 
tion to Os. The contents 
of this register are 
loaded into the PC [PC 
and MA] by the load ad- 
dress switch or into the 
MB and core memory by 
the deposit switch. The 
contents of the SR can 
be loaded into the AC 
under program control 
by means of the GSR or 
LAS instruction. 

The indicators denote 
the contents of the data 
field register (DF) 
(PDP-8/1 only) and the 
switches serve as an ex- 
tension of the SR to load 
the DF by means of the 
load address switch. The 
DF determines the core 
memory field of data 
storage and retrieval. 

The indicators (PDP-8/1 
only) denote the con- 
tents of the instruction 
field register (IF) and the 
switches serve as an ex- 
tension of the SR to 
load the IF by means of 
the load address switch. 
The IF determines the 
core memory field from 
which instructions are to 
be taken. 
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Table 2-1. Operator's Console Control and Indicator Functions (Cont) 



Nomenclature 
Control or Indicator PDP-8/1 PDP-8/L 



Function 



Extended address 
indicator light 



\none) 



Program counter 
indicator lights (12) 



Program 
Counter 



(None) 



Memory address 
indicator lights (12) 



Memory 
Address 



MEMORY 
ADDRESS 



Memory protector 
switch and 
associated indicator 



(None) 



MEM 

PROT 

(switch) 

PROT 

(indicator 

light) 



This indicates the con- 
tent of the extended ad- 
dress field being ad- 
dressed. If the current 
memory address is for 
data, it is the content of 
the DF flip-flop. If the 
current memory address 
is an instruction, it is the 
content of the IF flip- 
flop. 

Indicate the contents of 
the PC. When the ma- 
chine is stopped the con- 
tents of the PC indicate 
the core memory ad- 
dress of the first instruc- 
tion to be executed when 
the start or continue 
switch is operated. When 
the machine is running 
the contents of the TCI 
indicate the core mem- 
ory address of the next 
instruction. 

Indicate the contents of 
the MA, which usually 
denotes the core mem- 
ory address of the word 
currently or previously 
read or written. After 
operation of either the 
deposit or examine 
switch, the contents of 
the MA indicate the core 
memory address at 
which information was 
just written or read. [Op- 
eration of the LOAD 
ADDR switch on the 
PDP-8/L causes the MA 
to display the contents 
. of the SR]. 

The switch is off in the 
down position. In the up 
position the switch 
causes the top page, 
2008 [128|o] locations, 
of the upper memory 
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Table 2-1. Operator's Console Control and Indicator Functions (Cont) 



Nomenclature 
Control or Indicator PDP-8/1 PDP-8/L 



Function 



Memory buffer Memory 

indicator lights (12) Buffer 



Accumulator indicator Accumulator 
lights (12) 

Link indicator light Link 



Multiplier quotient Multiplier 

indicator lights* (12) Quotient 



Step counter Step Counter 

indicator lights* (5) 



field to be protected 
from any memory-modi- 
fying instruction. When 
protected, the top page 
may be referenced by 
instructions, but any 
change to the contents 
is inhibited and the ma- 
chine halts with the 
PROT indicator on. Man- 
ual restart clears the 
memory protection cir- 
cuits. This switch is dis- 
abled by the panel lock 
key switch. 



MEMORY 


Indicate the contents of 


BUFFER 


the MB, which usually 




designates the word just 




read or written at the 




core memory address 




held in the MA. 


ACCUMU- 


Indicate the contents of 


LATOR 


the AC. 


LINK 


Indicates the contents of 




the L 



(None) Indicate the contents of 

the multiplier quotient 
(MQ). The MQ holds the 
multiplier at the begin^ 
ning of a multiplication 
and holds the least sig- 
nificant half of the prod- 
uct at the conclusion. It 
holds the least signifi- 
cant half of the dividend 
at the start of a division 
and at the end holds the 
quotient. 

(None) Indicate the contents of 
the step counter (SC). 
The step counter is 
loaded with the comple- 
ment of the contents of 



^Operational only on PDP-8/1 systems containing the KE8/I Extended Arithmetic 
Element option 
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Table 2-1. Operator's Console Control and Indicator Functions (Cont) 



Control or Indicator 



Nomenclature 
PDP-8/1 PDP-8/L 



Function 



Instruction indicator 
lights 



Instruction INSTRUC- 

(indicators (8); TION 

And, Tad, Isz, (indicator 

Dca, Jms; lights (3) 
Jmp, lot, Opr) 



Processor states 
indicator lights (6) 



Fetch, MAJOR 

Execute, STATES F, E, 

Defer, D. WC. CA, B 

Word Count, 

Current 

Address, 

Break 



Program interrupt on Ion 
indicator light 



ION 



Run indicator light Run 



RUN 



bits 7-11 of the memory 
location during an ASR, 
LSR, SCL or SHL in- 
struction; ' contains the 
exponent after an NMI 
instruction; and is set to 
contain all zeros for the 
DVI or MUV instructions. 

On the PDP-8/1, indi- 
cator lights indicate the 
decoded output of the IR 
of the instruction cur- 
rently in progress. On 
the PDP-8/L, indicator 
lights indicate the con- 
tent of the 3-bit IR and, 
therefore, the basic in- 
struction being exe- 
cuted. A binary number 
(0 through 7) on the 
PDP-8/L corresponds to 
the eight instructions 
listed on the PDP-8/1 
panel. 

Indicate the primary 
control states of the ma- 
chine and that the cur- 
rent memory cycle is 
either fetch, deler, ex- 
ecute, or break cycle, 
i^^respectively. Word count 
and current address in- 
dicate the first and sec- 
ond cycles of a three- 
cycle break. 

Indicates the 1 status of 
the INT ENABLE flip- 
flop. When lit, the pro- 
gram in progress can be 
interrupted by receipt of 
a program interrupt re- 
quest signal from an I/O 
device. 

When lit, the internal 
timing circuits are en- 
abled and the machine 
performs instructions. 
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Table 2-1. Operator's Console Control and Indicator Functions (Cont) 



Nomenclature 
Control or Indicator PDP-8/1 PDP-8/L 



Function 



Pause indicator 
light 



Pause 



(None) 



Parity indicator 
light* 



(None) 



PAR 



Indicates the 1 status of 
the PAUSE flip-flop when 
lit. An lOT instruction 
sets the PAUSE flip-flop 
at time TP3 to initiate 
operation of the lOP 
generator and to inhibit 
advance of the normal 
timing generator. When 
lOP generator operation 
is completed (approxi- 
mately 3.8 lis later), a 
TP4 pulse is generated 
and the PAUSE flip-flop 
is clear^ to enable ad- 
vance of the timing gen- 
erator. 

Indicates the 1 status of 
the PARITY ERROR flip- 
flop. When lit a parity 
error has been detected. 



'-Operational only on PDP-8/L systems containing the MP8/L Memory Parity 
Option 

Table 2-2. Teletype Controls and Indicators 



Control or Indicator 



Function 



REL. pushbutton 



B. Sp. pushbutton 



OFF and ON pushbuttons 



START/STOP/FREE Switch 



Disengages the tape in the punch to allow 
tape removal or tape loading. 

Backspaces the tape in the punch by one 
space, allowing manual correction or rubout 
of the character just punched. 

Control use of the tape punch with operation 
of the Teletype keyboard/printer. 

Controls use of the tape reader with operation 
of the Teletype. In the FREE position the 
reader is disengaged, permitting the paper 
tape to be manually moved within the reader 
without necessarily reloading or unloading it. 
In the STOP position the reader mechanism is 
engaged but de-energized. In the START posi- 
tion the reader is engaged and operated under 
program control. The tape may be either 
loaded or unloaded in either the FREE or STOP 
positions. 



19 



; '9S;^-ia5)K»S!f<:^Jc-!r 




Figure 2-3. Teletype Model ASR33 Console 



Keyboard 



Provides a means of printing on paper when 
used as a typewriter and punching tape when 
the punch ON pushbutton is pressed, and 
provides a means of supplying input data to 
the computer when the LINE/OFF/LOCAL 
switch is in the LINE position. 



LINE/OFF/LOCAL switch 



Controls application of primary power to the 
Teletype and control data connection to the 
processor. In the LINE position the Teletype 
is energized and connected as a computer I/O 
device. In the OFF position the Teletype is 
de-energized. In the LOCAL position the Tele- 
type is energized' for off-line operation, and 
signal connections to the processor are dis- 
connected. Both line and local useof the Tele- 
type require that the computer be energized 
through the POWER switch. 

OPERATING PROCEDURES 

Many means are available for loading and unloading PDP-8/1 and PDP-8/L 
information. The means used are dependent upon the form of the information, 
time limitations, and the peripheral equipment connected to the system The 
following procedures are basic to any use of these systems and, although they 
may be used infrequently as the programming and use of the computer be- 
come more sophisticated, they are valuable in preparing the initial programs 
and learning the function of machine input and output transfers. 
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Manual Data Storage and Modification 

Programs and data can be stored or modified manually by means of the 
facilities on the operator's console. Chief use of manual data storage is made 
to load the readin mode (RIM) loader program into the computer core 
memory. The RIM loader is a program used to automatically load programs 
into the computer from perforated tape in RIM format. This program and the 
RIM tape format are described in Appendix E and in Digital Program Library 
descriptions. The RIM program listed in the Appendix can be used as an 
exercise in manual data storage. Use the following procedure to store data 
manually In the computer core memory. 

a. On the PDP-8/1 turn the Panel Lock switch counterclockwise and turn 
the Power switch clockwise. On the PDP-8/L turn the OFF/POWER/PANEL 
LOCK switch clockwise to the POWER position. 

b. On the PDP-8/L set the MEM PROT switch down. Set the SWITCH 
REGISTER switches to correspond with the address bits of the first word to 
be stored. Press the load address key; on the PDP-8/1 the address is shown 
in the PC, whereas on the PDP-8/.L the address is shown in the MA. Observe 
that the address set by the switch register is held in the computer as desig- 
nated by lighted Program Counter [MEMORY ADDRESS] indicators cor- 
responding to switches in the 1 (up) position and unlighted indicators 
corresponding to switches in the (down) position. 

c. Set the switch register switches to correspond to the data or instruction 
word to be stored at the address just set into the PC [MA]. Operate the 
deposit key and check that the MB, and therefore the core memory, contain 
the data set in the switch register. 

Also, check to see that the PC [MA after the first operation] has been incre- 
mented by one so that additional data can be stored at sequential addresses 
by repeated switch register setting and deposit key operation. 

To check the contents of any address in core memory, set that address into 
the PC [PC and MA] as in step b, then operate the examine key. The contents 
of the address are then shown by the MB register indicators. The contents of 
the PC are incremented by one with the operation of the examine key, so the 
contents of sequential addresses may be examined by repeated operation 
after the original (or starting) address is loaded. The contents of any address 
may be modified by repeating steps b and c. 

Loading Data Under Program Control 

Information can be stored or modified automatically in the computer only by 
using programs previously stored in core memory. For example, having the 
RIM loader stored in core memory allows RIM format tapes to be loaded as 
follows: 

a. On the PDP-8/1 turn the Panel Lock switch counterclockwise and turn 
the Power switch clockwise; on the PDP-8/L turn the OFF/POWER/PANEL 
LOCK switch to the POWER position. 

b. Set the Teletype LINE/OFF/LOCAL switch to the LINE position. 

c. Load the tape in the Teletype reader by setting the START/STOP/FREE 
switch to the FREE position, releasing the cover guard by mean's of the latch 
at the right, loading the tape so that the sprocket wheel teeth engage the 
feed holes in the tape, closing the cover guard, moving the tape either for- 
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ward or backward unti! the punched leader section is over the read station, 
and setting the switch to the STOP position. Tape is loaded in the back of 
the reader so that it moves toward the front as it is read. Proper positioning 
of the tape in the reader results in three bit positions being sensed to the left 
of the sprocket wheel and five bit positions bing sensed to the right of the 
sprocket wheel. 

d. Load the starting address of the RIM loader program (not the address of 
the program to be loaded) into the PC by means of the SR and the load 
address switches. 

e. Press the computer start key and set the 3-position Teletype reader switch 
to the START position. The tape is then read automatically. 

Automatic storing of the binary loader (BIN) program is performed by means 
of the RIM loader program as previously described. With the BIN loader stored 
in core memory, program tapes assembled in the program assembly language 
(PAL III) binary format can be stored as described in the previous procedure 
except that the starting address of the BIN loader (usually 7777) is used in 
step d. When storing a program in this manner, the computer stops and the 
AC should contain all zeros if the program is stored properly. If the computer 
stops with a number other than zero in the AC, a checksum error has been 
detected. When the program has been stored, it can be initiated by loading 
the program starting address (usually designated on the leader of the tape) 
into the PC by means of the switch register and load address switches, then 
pressing the start key. 

Off-Line Teletype Operation 

The Teletype can be used separately from the computer for typing, punching 
tape, or duplicating tapes. To use the Teletype in this manner: 

a. On the PDP-8/1 assure that the computer Panel Lock switch is turned 
counterclockwise and turn the Power switch clockwise ;on the PDP-8/L the 
OFF/POWER/PANEL LOCK switch is positioned to POWER. 

b. Set the Teletype LINE/OFF/LOCAL switch to the LOCAL position. 

c. If the punch is to be used, load it by raising the cover, manually feed- 
ing the tape from the top of the roll into the guide at the back of the punch, 
advancing the tape through the punch by manually turning the friction 
wheel, and then closing the cover. Energize the punch by pressing the ON 
pushbutton, and produce about two feet of leader. The leader-trailer can be 
code 200 or 377. To produce the code 200 leader, simultaneously press and 
hold the CTRL and SHIFT keys with the left hand; press and hold the REPT 
key, press the @ key. When the required amount of leader has been punched 
release the @ key. and then all keys. To produce the 377 code, simul- 
taneously press and hold both the REPT and RUB OUT keys until a 
sufficient amount of leader has been punched. 

If an incorrect key is struck while punching a tape, the tape can be corrected 
as follows: if the error is noted after typing and punching any number (n) of 
characters, press the punch B. SP. (backspace) pushbutton n + 1 times and 
strike the keyboard RUB OUT key n -f 1 times. Then continue typing and 
punching with the character which was in error. 

To duplicate and obtain a listing of an existing tape: Perform the procedure 
under steps a through c above. Then load the tape to be duplicated as de- 
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scribed in step b of the procedure listed under Loading Data Under Program 
Control. Initiate tape duplication by setting the reader START/ STOP/ FREE 
switch to the START position. The punch and teleprinter stops when the tape 
being duplicated is completely read. Corrections to insert or delete information 
on a perforated tape can be made by duplicating the correct portion of the 
tape and manually punching additional information or inhibiting punching of 
information to be deleted. This is accomplished by duplicating the tape and 
carefully observing the information being typed as the tape is read. In this 
manner the reader START/STOP/FREE switch can be set to the STOP position 
just before the point of the correction is typed. Information to be insertd can 
then be punched manually by means of the keyboard. Information can be 
deleted by pressing the punch OFF pushbutton and operating the reader until 
the portion of the tape to be deleted has been typed. It may be necessary to 
backspace and rub out one or two characters on the new tape if the reader is 
not stopped precisely on time. The number of characters to be rubbed out 
can be determined exactly by the typed copy. Be sure to count spaces when 
counting typed characters. Continue duplicating the tape in the normal manner 
after making the corrections. 

New, duplicated, or corrected perforated tapes should be verified by reading 
them off-line and carefully proofreading the typed copy. 

Program Control 

When the program is stopped at the end of an instruction by raising the single 
step key, then the load address, examine, and deposit keys may be used 
without changing the AC. The program may then be resumed by resetting the 
PC to one less than the address wanted, operating the examine key and then 
operating the continue key. [On the PDP-8/L, the program may be resumed 
by resetting the PC to the desired address and then operating the CONT key.] 
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PDP-8/1 is the most powerful and most versatile small computer 
available anywhere. Because of its flexible input/output facilities, 
PDP-8/1 is the ideal starting point in an application that requires 
expansion. 
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CHAPTER 3 
MEMORY AND PROCESSOR BASIC PROGRAMMING^ 

All notations in brackets [ ] indicate data for the PDP-8/L computer only. 
The following terms are used in memory address programming: 

Term Definition 



Page A block of 128 core memory locations (2008 

addresses). 

Current Page The page containing the instruction being executed; 

. as determined by bits through 4 of the program 
counter. 

Page Address An 8-bit number contained in bits 4 through 11 of 

an instruction which designates one of 256 core 
memory locations. Bit 4 of a page address indicates 
that the location is in the current page when a 1, or 
indicates it is in page when a 0. Bits 5 through 11 
designate one of the 128 locations in the page de- 
termined by bit 4. 

Absolute Address A 12-bit number used to address any location in core 

memory. 

Effective Address An effective address is an absolute address obtained 

from core memory by indirect addressing. 

Organization of the standard core memory or any 4096-word field of extended 
memory is summarized as follows: 

Total locations (decimal) 4096 

Total addresses (octal) 7777 

Number of pages (decimal) 32 

Page designations (octal) 0-37 

Number of locations per page (decimal) 128 
Addresses within a page (octal) 0-177 

Four methods of obtaining the effective address are used as specified by 
combinations of bits 3 and 4. 

Bit 3 Bit 4 Effective Address 

" . The. operand is in page at the address specified 

by bits 5 through 11. 

1 The operand is in the current page at the address 

specified by bits 5 through 11. 

1 The absolute address of the operand is taken from 

the contents of the location in page designated 
by bits 5 through 11. 

1 1 The absolute address of the operand is taken from 

the contents of the location in the current page 
designated by bits 5 through 11. 

*See Appendix A for Program Abstracts 
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The following example indicates the use of bits 3 and 4 to address any loca- 
tion in core memory. 

Suppose it is desired to add the contents of locations A, B, C, and D to the 
contents of the accumulator by means of a routine stored in page 2. The 
instructions in this example indicate the operation code, the content of bit 4, 
the content of bit 3, and a 7-bit address. This routine would take the following 
form: 



Page Page 1 Page 2 

Location Content Location Content Location Content 



Remarks 



A 
M 



xxxx 
C 



C 
D 



xxxx 
xxxx 



B 
N 



xxxx 
D 



R TAD 00 A 



/DIRECT TO DATA IN 
PAGE 

/DIRECT TO DATA IN 
CURRENT PAGE 

/INDIRECT TO 
ADDRESS SPECIFIED 
IN PAGE 

/INDIRECT TO 
ADDRESS SPECIFIED 
IN CURRENT PAGE 

Routines using 128 instructions or less can be written in one page using di- 
rect addresses for looping and indirect addresses for data stored in other 
pages. When planning the location of instructions and data in core memory, 
the following locations are reserved for special purposes: 



S TAD 01 B 



T TAD 10 M 



U TAD 11 N 



Address 

08 

Is 

lOg through 178 



Purpose 

Stores the contents of the program counter 
following a program interrupt. 

Stores the first instruction to be executed 
following a program interrupt. 

Auto-indexing. 



INDIRECT ADDRESSING 

When indirect addressing is specified, the address part (bits 5-11) of a memory 
reference instruction is interpreted as the address of a location containing the 
address of the operand. Consider the instruction TAD A. Normally, A is inter- 
preted as the address of the location containing the quantity to be added to 
the content of the AC. Thus, if location 100 contains the number 5432, the 
instruction TAD 100 causes the quantity 5432 to be added to the contents 
of the AC. Now suppose that location 5432 contains the number 6543. The 
instruction TAD I 100 (where I signifies indirect, addressing) causes the com- 
puter to take the number 5432, which is in location 100, as the effective 
address of the instruction and the number in location 5432 as the operand. 
Hence, this instruction results in the quantity 6543 being added to the 
contents of the AC. 
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AUTO-iNDEXING 

When a location between lOg and IJg in page of any core memory field is 
addressed indirectly (by an instruction in which bit 3 is a 1) the contents of 
that location are read, incremented by one, rewritten in the same location, and 
then taken as the effective address of the instruction. This feature is called 
auto-indexing. If location 128 cpntains the number 5432 and the instruction 
DCA I 12 is given, the number 5433 is rewritten in location 128 arid the con- 
tents of the accumulator are deposited in core memory location 5433. 

STORING AND LOADING 

Data is stored in any core memory location by use of the DCA instruction. This 
instruction clears the.AC to simplify loading of the next data. If the data de- 
posited is required in the AC for the next program operation, the DCA must be 
followed by a TAD for the same address. All loading of core memory infor- 
mation into the AC is accomplished by means of the TAD instruction, preceded 
by an instruction that clears the AC such as CLA or DCA. 

Storing and loading of information in sequential core memory locations can 
make excellent use of an auto-index register to specify the core memory 
address. 

PROGRAM CONTROL 

Transfer of program control to any core memory location uses the JMP or JMS 
instructions. The JMP I (indirect address, 1 in bit 3) is used to transfer pro- 
gram control to any location in core memory which is not in the current page 
or page 0. 

The JMS Y is used to enter a'subroutine which starts at location Y -I- 1 in the 
current page or page 0. The contents of the PC + 1 are stored in the specified 
address Y, and address Y + 1 is transferred into the PC. To exit a subroutine 
the iast instruction is a JMP I Y, which returns program control to the location 
stored in Y. 

INDEXING OPERATIONS 

External events can be counted by the program and the number can be stored 
in core memory. The core memory location used to store the event count can 
be initialized (cleared) by a CLA command followed by a DCA instruction. 
Each time the event occurs, the event count can be advanced by a sequence 
of commands such as CLA, TAD, lAC, and DCA. 

The ISZ instruction is used to count repetitive program operations or external 
events without disturbing the contents of the accumulator. Counting a specified 
number of operations is performed by storing a two's complement negative 
number equal to the number of operations to be counted. Each time the 
operation is performed, the ISZ instruction is used to increment the contents 
of this stored number and to check the result. When the stored number be- 
comes zero, the specified number of operations have occurred and the pro- 
gram skips out of the loop and back to the main sequence. 

This instruction is also used for other routines in which the contents of a 
memory location are incremented without disturbing the contents of the ac- 
cumulator, such as storing information from an I/O device in sequential mem- 
ory locations or using core memory locations to count I/O device events. 

LOGIC OPERATIONS 

The PDP-8/1 and PDP-8/L instruction lists include the logic instruction AND. 
Short routines can be written from this instruction to perform the inclusive OR 
and exclusive OR operations. 
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Logical AND 

The logical AND operation between the contents of the accumulator and the 
contents of a core memory location Y is performed directly by means of the 
AND Y instruction. The logical AND performs an AND operation ACOO • MBOO, 
ACOl • MBOl, etc. The result remains in the AC, the original contents of the 
AC are lost, and the contents of location Y are unaffected. 

Inclusive OR 

Assuming value A is in the AC and value B is stored in a known core memory 
address, the following sequence performs the inclusive OR. The sequence is 
stated as a utility subroutine called lOR. 

/CALLING SEQUENCE JMS lOR 

/ (ADDRESS OF B) 

/ENTER WITH ARGUMENT IN AC: EXIT WITH LOGICAL RESULT IN AC 
/ADDRESS LABEL INSTRUCTION REMARKS 



Hw>l\, 


DCA TEMl 


/SAVE "A" ARGUMENT 




TAD 1 lOR 


/GET ADDRESS OF "B" 




DCA TEM2 






TAD TEMl 






CMA 


_ 




AND 1 TEM2 


/A.B + A = A+B 




TAD TEMl 






ISZ lOR 






JMP 1 lOR 




TEMl, 







TEM2, 








Exclusive OR 

The exclusive OR operation for two numbers, A and B, can be performed by a 
subroutine called by the mnemonic code XOR. In the following general pur- 
pose XOR subroutine, the value A is assumed to be in the AC, and the address 
of the value B is assumed to be stored in a known core memory location. 



/CALLING SEQUENCE 


JMS XOR 


/ 


(ADDRESS OF B) 


/ 


(RETURN) 


/ENTER WITH ARGUMENT IN AC: EXIT WITH LOGICAL RESULT IN AC 


XOR, 







DCA TEMl 




TAD 1 XOR 




DCA TEM2 




TAD TEMl 




AND 1 TEM2 




CMA lAC 




CLL RAL 




TAD TEMl 




TAD 1 TEM2 




ISZ XOR 




JMP 1 XOR 


TEMl, 





TEM2, 






28 



An XOR subroutine can be written using fewer core memory locations by mak- 
ing use of the iOR subroutine; however, such a subroutine takes more time to 
execute. A faster XOR subroutine can be written by storing the value B instead 
of the address of B, in the second instruction of the calling sequence; how- 
ever, the resulting subroutine is not as useful as the subroutine given here. 

ARITHMETIC OPERATIONS 

One arithmetic instruction is included in the order code, the two's comple- 
ment add: TAD. Using this instruction, routines can easily be written to per- 
form addition, subtraction, multiplication, and division in two's complement 
arithmetic. 

Two's Complement Arithmetic 

In two's complement arithmetic, addition, subtraction, multiplication, and divi- 
sion of binary numbers are performed in accordance with the common rules 
of binary arithmetic. In the PDP-8/1 and the PDP-8/L, as in other machines 
utilizing complementation techniques, negative numbers are represented as 
the complements of positive numbers, and subtraction is achieved by com- 
plement addition. Representation of negative values in one's complement 
arithmetic is slightly different from that in two's complement arithmetic. 

The one's complement of a number is the complement of the absolute posi- 
tive value; that is, all Is are replaced by Os and ail Os are replaced by Is. The 
two's complement of a number is equal to the one's complement of the posi- 
tive value plus one. 

In one's complement arithmetic a carry from the sign bit (most significant bit) 
is added to the least significant bit in an end-around carry. In two's comple- 
ment arithmetic a carry from the sign bit complements the link (a carry would 
set the link to 1 if it were properly cleared before th« operation), and there is 
no end-around carry. 

PROGRAMMING SYSTEM 

The programming system forthe computers includes: symbolic assemblers of 
varying complexity and versatility, compilers, monitor systems, a symbolic 
tape editor, a floating point package and a mathematical function routines 
package, and utility and maintenance programs. All operate with the basic 
computer. The programming system was designed to simplify and accelerate 
the process of learning to program. At the same time, experienced program- 
mers will find that it incorporates many advanced features. The system is 
intended to make available to the user the full, general-purpose data process- 
ing capability of the computer and to serve as the operating nucleus for a 
growing library of programs and routines to be made available to all installa- 
tions. New techniques, routines, and programs are constantly being developed, 
field-test,ed, and documented in the Digital Program Library for incorporation 
into the user's systems. 

Assemblers 

The use of an assembly program has become standard practice in program- 
ming digital computers. The programmer codes his program in a symbolic 
language, using alphanumeric mnemonics for instructions and labels, rather 
than the binary numbers actually used in the computer. The assembler then 
translates the symbolic program into the equivalent machine code. The ad- 
vantages are significant: the symbolic language is more meaningful to the 
programmer; instructions and data can be referred to by symbolic labels with- 
out regard to their actual locations in the computer; data characters can be 
expressed directly; programs can be altered without great changes and then 
reassembled; and debugging is considerably simplified. Three assemblers are 
available: PAL III, MACRO-8, and SABR. 
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PAL III Assembler — PAL III (Programming Assembly Language-Ill) is a basic 
assembler allowing symbolic references, symbolic origins, and expressions. 
The output of the PAL III Assembler is in a form suitable for input to the 
binary loader. The PAL III Assembler can be loaded into the computer by either 
high- or low-speed paper tape. 

MACRO-8 Assembler — MACRO-8 is an advanced assembler which has the 
same basic features as PAL-HI and, in addition, also has MACRO capability, 
literals, off-page references, and high/low speed paper tape input and output. 

SABR Assembler — SABR (Symbolic Assembler for Binary Relocatable pro- 
grams) is a single-pass assembler producing binary relocatable code, inde- 
pendent of core paging or memory fields. Psuedo-ops permit the use of sub- 
routines and external references, and the binary tapes produced are loaded 
using the-SK System Linking Loader. 

Compilers 

Compilers for higher-level languages provide computer translation from pro- 
grams written in a mixture of English phrases and symbolic notation. The 
more expressive statements or high level languages require less programming 
effort to produce the same sequence of machine instructions, yet the lan- 
guages are so close to patterns of speech that the programmer can learn the 
language easily and with no need for knowledge of the internal organization 
of the computer. Compilers used with the PDP-8/1 and PDP-8/L computers 
consist of FOCAL, FORTRAN II, ALGOL, BASIC, and INDAC-8. ' 

FOCAL Language — FOCAL (FOrmula CALculator) is a conversational lan- 
guage useful in mathematical and statistical problems. A programmer can 
write, debug, and execute his program at a teletype console using this lan- 
guage. The simplicity of the language structure and command set makes it 
possible to begin programming immediately, without any prior knowledge of 
the organization or operation of the computer. FOCAL includes instructions for 
text editing, logical, control, input/output, and mathematical operations; 
mathematical functions; and error diagnostics for debugging in both compila- 
tion and execution. 

FORTRAN II Language — The FORTRAN (FORmuia TRANsIation) il Language 
is provided in both 4K and 8K memory systems. The 4K system includes a 
one-pass compiler and an operating system to translate mathematical equa- 
tions and logical decision making processes into binary code and execute the 
programs, producing diagnostic messages both in compilation and in execu- 
tion. FORTRAN II includes instructions for mathematical, logical, control, and 
input/output operations, as well as mathematical functions. The FORTRAN II 
8K system differs from the 4K system primarily by using a two-pass compiler 
(which uses a version of the SABR assembler as a second pass). A linking 
loader, in addition to an operating system, can be used on computers with 
a minimum of 8K of core memory. Additions to the 8K compiler (over the 4K 
compiler), include: 

a. U.S.A. Standard FORTRAN Syntax 

b. Subroutines 

c. Two levels of subscripting 

d. Function subprograms 

e. I/O supervisor 

f. Relocatable link loadable outputs 

g. Common storage 

h. I, E, F, H, A, X format specification 
e. Arithmetic and trigonometric library 
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The use of the SABR assembler makes this compiler independent of core 
paging and field boundaries. 

ALGOL Language — The ALGOrithmic Language compiler and operating sys- 
tem provide a facility similar to the FORTRAN II programming system, but 
based on slightly different structural features. ALGOL is provided to ensure 
compatibility, with other user's systems. One of the most widely used inter- 
national programming languages, ALGOL emphasizes formal, well-defined pro- 
cedures for solving problems with computers. 

BASIC Language -— A conventional language similar to FOCAL and with similar 
features, the BASIC language is designed to run under the control of the Time- 
Sharing System (TSS/8), which is optional only to the PDP-8/1 computer. The 
BASIC language is made available to providie compatibility with other user's 
systems and to allow many users to have equal access to the computer, while 
it maintains records of the time used by each user. 

INDAC-8 Language — INDAC-8 (INdustrial Data Acquisition and Control), is 
a combined hardware and software system designed for use with a PDP-8 
family computer. INDAC provides real-time data acquisition of digital or analog 
inputs which can be processed in a time-shared mode to provide tabulated out- 
put and direct process control. A background system makes use of unused 
processor time for general program execution. 

Monitoring Systems 

TSS/8 Monitoring System — The Time-Sharing System designed only for the 
PDP-8/1 is a general-purpose, stand-alone monitor to provide simultaneous 
access of the computer to up to 16 users (a maximum of two pages per user), 
each of whom interacts with the system as though he were the only user due 
to the great difference in response times between the computer and the user. 
TSS/8 provides text-editing and file-maintenance functions for use with a 
library of systems including loaders, assemblers, editors, debugging systems, 
FORTR'AN, and the conversational languages BASIC and FOCAL. 

Disk/DECtape Monitoring System — This system permits the user to control 
the flow of programs through his computer and takes full advantage of the 
extended memory capabilities of disk or DECtape. In addition to the Monitor, 
the system also contains a library of system progreims. Together they provide 
the user with the capabilities of compiling, assembling, editing, loading, sav- 
ing, calling, and debugging his own programs. 

Symbolic On-Line Debugging Program — On-line debugging with DDT-8 pro- 
vides the user with dynamic printed program status information, close control 
over program execution, and prevents errors ("bugs") from destroying other 
portions of his program. The user can monitor the execution of single instruc- 
tions or subsections, change instructions or data in any format, and output a 
corrected program at the end of the debugging session. Using, the standard 
Teletype keyboard/ reader and teleprinter/punch, the user can communicate 
conveniently with the PDP-8/1 or the PDP-8/L'in the symbols of his source 
language. He can control the execution of any portion of his object program 
by inserting breaks, or traps, in it. When the computer reaches a break, it 
transfers control of the object program to DDT. The user can then examine 
and modify the contents of individual core memory registers to correct and 
improve his object program. 

Symbolic Tape Editor 

The Symbolic Tape Editor program is used to edit, correct, and update symbolic 
program tapes using the PDP-8/1 or PDP-8/L, the Teletype unit and/or the 
high-speed reader. With the editor in core memory, the user reads in portions 
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of his symbolic tape, removes, changes, or adds instructions or operands, 
moves single or multiple lines of text from place to place, and receives in 
return a complete new symbolic tape with errors removed. The user can work 
through the program instruction-by-instruction, spot check it, or concentrate 
on new sections. A character string search is also available. 

Floating Point Package 

The Floating Point Package permits the PDP-8/1 or the PDP-8/L to perform 
arithmetic operations that many other computers can perform only after the 
addition of costly optional hardware. Floating point operations automatically 
align the binary points of operands, retaining the maximum precision available 
by discarding leading zeros. In addition to increasing accuracy, floating point 
operations relieve the programmer of scaling problems common in fixed point 
operations. This is of particular advantage to the inexperienced programmer. 

Mathematical Function Routines 

The programming system also includes a set of mathematical function routines 
to perforin the following operations in both single and double precision: addi- 
ition, subtraction, multiplication, division, square root, sine, cosine, arc tan- 
gent, natural logarithm, and exponential. 

Utility and Maintenance Programs 

PDP-8/1 and PDP-8/L utility programs provide printouts or punchouts of core 
memory content in octal, decimal, or binary form, as specified by the user. 
Subroutines are provided for octal or decimal data transfer and binary-to- 
decimal, decimal-to-binary, and Teletype tape conversion. A complete, set of 
standard diagnostic programs is provided to simplify and expedite system 
maintenance. Program descriptions and manuals permit the user to effec- 
tively test the operation of the computer for proper core memory functioning 
and proper execution of instructions, in addition, diagnostic programs to 
check the performance of standard and optional peripheral devices are pro- 
vided with the devices. 
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CHAPTER 4 
MEMORY AND PROCESSOR INSTRUCTIONS 

All notations in brackets [ ] indicate data for the PDP-8/L computer only. 
An instruction is a coded program step that tells the computer what to do for 
a single operation in a prograni. It is a set of characters, together with one or 
more addresses (or no address), that defines an operation and which, as a 
unit, causes the computer to operate accordingly on the indicated quantities. 
In the PDP-8 family of computers, there are two types of instruction words: 
memory reference and augmented. Memory reference instructions store or 
retrieve data from core -memory, while augmented instructions do not. All 
instructions utilize bits through 2 to specify the operation (op) code. 
Operation codes of Os through 5^ specify memory reference instructions, and 
codes of 63 and 78 specify augmented instructions. Memory reference in- 
struction execution times are multiples of the 1.5 [1.6] /xs memory cycle. 
Indirect addressing increases the execution time of a memory reference in- 
struction by 1.5 [1.6] JJ.S. The augmented instructions (input/output transfer 
and operate) are performed in 4.25 and 1.5 [1.6] /iS, respectively. (All com- 
puter times are ±20%.) 

MEMORY REFERENCE INSTRUCTIONS 

Since the PDP-8/1 and PDP-8/L systems contain a 4096-word core memory, 
12 bits are required to address all locations. To simplify addressing, the core 
memory is divided into blocks, or pages, of 128 words (2008 addresses). 
Pages are numbered Os through 378, each field of 4096 words of core mem- 
ory uses 32 pages. The seven address bits (bits 5 through 11) of a memory 
reference instruction can address any location in the page on which the cur- 
rent instruction is located by placing a 1 in bit 4 of the instruction. By placing 
a in bit 4 of the instruction, any- location in page can be addressed directly 
from any page of core memory. All other core memory locations can be ad- 
dressed indirectly by placing a 1 in bit 3 and placing a 7-bit effective address 
in bits 5 through 11 of the instruction to specify the location in either the 
current page or page containing the full 12-bit absolute address of the 
operand. 



Operation 
Codes 0-5 



Memory 
Page 






1 2 3 


1 1 
4 1 5 ! 6 

1 1 


7 


! 1 
8 9 10 11 



Indirect 
Addressing 



Address 



Fig. 4-1. Memory Reference Instruction Bit Assignments 

Word format of memory reference instructions is shown in Figure 4-1 and the 
instructions perform as follows: 

Logical AND (AND Y) 

Octal Code: 

Indicators: And, Fetch, Execute [IR = 0, F, E] 
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Execution Time: 3.0 [3.2] fis with direct addressing, 4.5 [4.8] ,us with indirect 
addressing. 

Operation: The AND operation is performed between the contents of memory 
location Y and the contents of the AC. The result is left in the AC, the original 
contents of the AC are lost, and the contents of Y are restored. Corresponding 
bits of the AC and Y are operated upon Independently. This instruction, often 
called extract or mask, can be considered as a bit-by-bit multiplication! 

Example: 

Original Final 

ACL YL AC! 



1 

1 
1 1 1 

Symbol: ACj Yj -> ACj 



Two's Complement Add (TAD Y) 

Octal Code: 1 

Indicators: Tad, Fetch, Execute [IR = 1, F, E] 

Execution Time: 3.0 [3.2] /xs with direct addressing, 4.5 [4.8] ^s with indirect 
addressing. 

Operation: The content of memory location Y is added to the content of the 
AC in two's complement arithmetic. The result of this addition is held in the 
AC, the original content of the AC is lost, and the content of Y is restored. If 
there is a carry from ACO, the link is complemented. This feature is useful in 
multiple precision arithmetic. 

Symbol: ACo-i i -(- Yo-i i "^ ACq-i i 
increment and Skip If Zero (ISZ Y) 

Octal Code: 2 

Indicators: Isz, Fetch, Execute [IR = 2, F, E] 

Execution Time: 3.0 [3.2] ^s with direct addressing, 4.5 [4.8] /is with indirect 
addressing. 

Operation: The contents of memory location Y are incremented by one in 
two's complement arithmetic. If the resultant contents of Y equal^ero, the 
contents of the PC are incremented by one and the next instruction is skipped, 
if the resultant contents of Y do not equal zero; the program proceeds to the 
next instruction. The incremented contents of Y are restored to memory. The 
contents of the AC are not affected by this instruction. 

Symbol: Y -f 1 -> Y 

If resultant Yq-i i = 0, then PC -I- 1 -> PC 

Deposit and Clear AC (DCA Y) 

Octal Code: 3 
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Indicators: Dca, Fetch, Execute [IR = 3, F, E] 

Execution Time: 3.0 [3.2] [xs witii direct addressing, 4.5 [4.8] ^s with indirect 
addressing. 

Operation: The contents of the AC are deposited in core memory at address 
Y and the AC is cleared. The previous contents of memory location Y are lost. 

Symbol: AC ^- Y 

then -> AC 



Jump to Subroutine (JMS Y) 

Octal Code: 4 

Indicators: Jms, Fetch, Execute [IR = 4, F, E] 

Execution Time: 3.0 [3.2] /is with direct addressing, 4.5 [4.8] us with indirect 
addressing. 

Operation: The contents of the PC are deposited in core memory location Y 
and the next instruction is taken from core memory location Y + 1. The con- 
tents of the AC are not affected by this instruction. 

Symbol: PC -> Y 

Y + 1 ->► PC 

Jump to Y (JMP Y) 

Octal Code: 5 

Indicators: Jmp, Fetch [IR = 5, F] 

Execution Time: 1.5 [1.6] ^as with direct addressing, 3.0 [3.2] /is with indirect 
addressing. 

Operation: Address Y is set into the PC so th^t the next instruction is taken 
from core memory address Y. The original contents of the PC are lost. The 
contents of the AC are not affected by this instruction. 

Symbol: Y -^ PC 

AUGMENTED INSTRUCTIONS 

There are two augmented instructions which do not reference core memory. 
They are the input/output transfer, which has an operation code of 6; and 
the operate which has an operation code of 7. Bits 3 through 11 within these 
instructions function as an extension of the operation code and can be micro- 
programmed to perform several operations within one instruction. Augmented 
instructions are one-cycle (Fetch) instructions that initiate various operations 
as a function of bit microprogramming. 

Input/Output Transfer Instruction 

Microinstructions of the input/output transfer (iOT) initiate the operation of 
peripheral equipment and effect information transfers between the processor 
and an I/O device. Specifically, upon recognition of the operation code 6 as an 
IOT instruction, the computer enters a 4.25 ixs expanded computer Fetch cycle 
by setting the PAUSE flip-flop and enabling the lOP generator to produce lOP 1, 
lOP 2 and lOP 4 pulses as a function of the three least-significant bits of the 
instruction (bits 9 through 11). These pulses occur at 1 fis intervals designated 
as event times 3, 2 and 1 as follows: 
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Instruction 
Bit 

11 
10 



lOP 
Pulse 

lOP 1 
lOP 2 



lOT 
Pulse 

lOT 1 

lOT 2 
ir»T A 



Event 
Time 

1 
2 



The lOP pulses are gated in the device selector of the program-selected equip- 
ment to produce lOT pulses that enact a data transfer or initiate a control 
operation. Selection of an equipment is accomplished by bits 3 through 8 of 
the lOT instruction. These bits form a 6-bit code that enables the device 
selector in a given device. 

The format of the lOT instruction is shown in Figure 4-2. Operations performed 
by lOT microinstructions are explained in Chapter 7. 



Operation 
code 6 



Generates 
an top 4 
pulse at 

event time 
3 if a 1 



Generates 
an lOP 1 
pulse at 

event time 
1 if a 1 






1 2 


3 


4 5 


6 


7 1 8 

1 


9 10 


11 



Y 

Device 


Generates 


Selection 


an lOP 2 




pulse at 




event time 




2ifal 



Operate Instruction 

By using operate instructions, the programmer can consider the logical se- 
quences occurring during one computer Fetch cycle to provide a logical 
method of forming microinstructions. The operate instruction consists of two 
groups of microinstructions. Group 1 (OPR 1) is principally for clear, comple- 
ment, rotate, and increment operations and is designated by the presence of 
a in bit 3. Group 2 (OPR 2) is used principally in checking the contents of 
the accumulator and link and continuing to, or skipping, the next instruction 
based on the check. A 1 in bit 3 designates an OPR 2 microinstruction. 



GROUP 1 

The Group 1 operate microinstruction format is shown in Figure 4-3, and the 
microinstructions are explained in the succeeding paragraphs. Any logical com- 
bination of bits within this group can be combined into one microinstruction. 
For example, it is possible to assign Is to bits 5, 6, and 11; although it is not 
logical to assign Is to bits 8 and 9 simultaneously since they specify con- 
flicting operations. (The most frequently used combinations are listed in 
Appendix B). 
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Operation 
code 7 



CLA 



CMA 





Rotate 1 




position 


Rotate 


ifaO, 


AC and L 


2 positions 


right 


ifal 






1 


2 3 


4 


5 


6 


7 


8 


9 


10 


11 



Contains * — v — ' ' — v — ' ' — v: — ' ' — v — ' 

aOto CLL CML Rotate lAC 

specify AC and 

Group 1 L left 

LOGICAL SEQUENCE: 

1— CLA, CLL 

2 — CMA, CIVIL 

3 — lAC 

4 — RAR, RAL, RTR, RTL 

Figure 4-3. Group 1 Operate Instruction Bit Assignments 

No Operation (NOP) 

Octal Code: 7000 

Sequence: None » 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] jus 

Operation: This command causes a 1-cycle delay in the program before the 

next sequential instruction is initiated. This command is used to add execution 

time to a program, such as to synchronize subroutine pr loop timing. 

Symbol: None 

Increment Accumulator (lAC) 

Octal Code: 7001 

Sequence: 3 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] /is 

Operation: The contents of the AC are incremented by one in two's complement 

arithmetic. 

Symbol: AC + 1 ^- AC 

Rotate Accumulator Left (RAL) 

Octal Code: 7004 

Sequence: 4 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] /iS 

Operation: The contents of the AC are rotated one binary position to the left 
with the content of the link. The contents of bits ACl — 11 are shifted to the 
next greater significant bit, the content of ACO is shifed into the L, and the 
content of the L is shifted into ACll. 

Symbol: ACj -> ACj — 1 
ACo -^ L 
L^^ACii 
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Rotate Two Left (RTL) 

Octal Code: 7006 

Sequence: 4 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] ^s 

Operation: The contents of the AC are rotated two binar^ positions to the left 
with the content of the link. This instruction is logically equal to two successive 
RAL operations. 

Symbol: ACj ^^ ACj — 2 
AC, ^^ L 
ACo ->' ACii 
L-> ACio 

Rotate Accumulator Right (RAR) 

Octal Code: 7010 

Sequence: 4 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] ^us 

Operation: The contents of the AC are rotated one binary position to the right 
with the content of the link. The contents-of bits ACO — 10 are shifted to the 
next less significant bit, the content of ACll is shifted into the L, and the 
content of the L is shifted into ACO. 

Symbol: ACj -> ACj + 1 
AC,| -> L 
L-^ACo 

Rotate Two Right (RTR) 

Octal Code: 7012 

Sequence: 4 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] iis 

Operation: The contents of the AC are rotated two binary positions to the right 

with the content of the link Thip int;triirtinn ic Inairallw pniial tn twn cnrr<a«;t;ivp 

RAR operations. 

Symbol: ACj ^^ ACj + 2 
AC,o->L 
ACji -> ACo 
L^- AC| 

Complement Link (CML) 

Octal Code: 7020 

Sequence: 2 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] ^s 

Operation: The content of the L is complemented. 

Symbol: T ->- L 

Complement Accumulator (CMA) 

Octal Code: 7040 

Sequence: 2 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] fis 
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Operation: The contents of the AC are set to the one's complement of the 
current contents of the AC. The content of each bit of the AC is complemented 
individually. 

Symbol: ACj->'ACj 



. Complement and Increment Accumulator (CIA) 

Octal Code: 7041 

Sequence: 2, 3 

Indicators: Opr, Fetch [IR = 7, R] 

Execution Time: 1.5 [1.6] [is 

Operation: The contents of the AC are converted from a binary value to their 
equivalent two's complement number. This conversion is accomplished by 
combining the CMA and lAC commands, thus the contents of the AC are 
complemented during sequence 2 and are incremented by one during se- 
quence 3. 

Symbol: ACj ->- ACj, 

then AC + 1 ^^ AC 

Clear Unk (CLL) 

Octal Code: 7100 

Sequence: 1 

Indicators: Opr, Fetch [IR_= 7, F] 

Execution Time: 1.5 [1.6] ns 

Operation: The content of the L is cleared to contain % 0. 
Symbol: -> L 

Set Link (STL) 

Octal Code: 7120 

Sequence: 1, 2 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] /iS 

Operation: The L is set to contain a binary 1. This instruction is logically equal 
to combining the CLL and CML commands. 

Symbol: 1 ->- L 



Clear Accumulator (CLA) 

Octal Code: 7200 

Sequence: 1 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] /iS 

Operation: The content of each bit of the AC is cleared to contain a binary 0. 
Symbol: -> AC 

Set Accumulator (STA) 

Octal Code: 7240 

Sequence: 1, 2 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] fis 
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Operation: Each bit of the AC is set to contain a binary 1. This operation i«; 
logically equal to combining the CLA and CMA commands. 

Symbol: 1 -> ACj 

GROUP 2 

The Group 2 operate microinstruction format is shown in Figure 4-4 and the pri- 
mary microinstructions are explained in the following paragraphs. Any logical 
combination of bits within this group can be composed into one microinstruc- 
tion. (The instructions constructed by most logical command combinations 
are listed in Appendix B.) 

If skips are combined in a single instruction the inclusive OR of the conditions 
determines the skip when bit 8 is a 0; and the AND of the inverse of the condi- 
tions determines the skip when bit 8 is a 1. For example, if Is are designed in 
bits 6 and 7 (SZA and SNL), the next instruction is skipped if either the con- 
tents of the AC = 0, or the content of L = 1. If Is are contained in bits 5, 7 
and 8, the next instruction is skipped if the AC contains a positive number and 
the L contains a 0. 



Operation 
code 7 



CLA 



Reverse SKIP 

sensing of 

SZA bits 5, 6,7 HLT 






1 


2 


3 


4 


5 


-6 


7 


a 


9 


10 


11 



Contains 

a Oto 

specify 

Group 2 



Contains SMA SNL DSR 

a 1 to 
specify 
Group 2 

LOGICAL SEQUENCE: 

1 (Bit 8 is a 0) — Either SMA or SZA or SNL 
(Bit 8 is a 1) — Both SPA and SNA and SZL 

2 — CLA 

3 — OSR, HLT 

Figure 4-4. Group 2 Operate Instruction Bit Assignments 

Halt (HLT) 

Octal Code: 7402 

Sequence: 3 

Indicators: Opr, not Run [IR = 7 not RUN] 

Execution Time: 1.5 [1.6] /is 

Operation: Clears the RUN flip-flop at Sequence 3, so that the program stops 
at the conclusion of the current machine cycle. This command can be com- 
bined with others in the OPR 2 group that are executed during either sequence 
1 or 2, and so are performed before the program stops. 

Symbol: -> RUN 



OR with Switch Register (OSR) 

Octal Code: 7404 
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Sequence: 3 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] ^^s 

Operation: The inclusive OR operation is performed between the contents of 
the AC and the conte.nts of the SR. The result is left in the AC, the original 
contents of the AC are lost, and the contents of the SR are unaffected by this 
command. When combined with the CLA command, the OSR performs a trans- 
fer of the contents of the SR into the AC. 

Symbol: ACj V SRj -> ACj 

Skip, Unconditional (SKP) 

Octal Code: 7410 

Sequence: 1 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] jxs 

Operation: The contents of the PC are incremented by one so that the next 
sequential instruction is skipped. 

Symbol: PC + 1 -> PC 

Skip on Non-Zero Link (SNL) 

Octal Code: 7420 

Sequence: 1 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] /xs 

Operation: The content of the L is sampled, and if it contains a 1, the coritents 
of the PC are incremented by one so that the next sequential instruction is 
skipped. If the L contains a 0, no operation occurs and the next sequential 
instruction is initiated. 

Symbol: If L = 1, then PC + 1 -> PC 

Skip on Zero Link (SZL) 

Octal Code: 7430 

Sequence: 1 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] iis 

Operation: The content of the L is sampled, and if it contains a the contents 
of the PC are incremented by one so that the next sequential instruction is 
skipped. If the L contains a 1, no operation occurs and the next sequential 
instruction is initiated. 

Symbol: If L = 0, then PC + 1 -^ PC 

Skip bn Zero Accumulator (SZA) 

Octal Code: 7440 

Sequence: 1 

lndicators:_Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] ^s ^ 

Operation- The content of each bit of the AC is sampled, and if all bits con- 
tain a the contents of the PC are incremented by one so that the next se- 
quential instruction is skipped. If any bit of the AC contains a 1, no operation 
occurs and the next sequential instruction is initiated. 
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Symbol: If aCq — 1 1 = 0, then PC + 1 ^> PC 

Skip on Non-Zero Accumulator (SNA) 

Octal Code: 7450 

Sequence: 1 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6]>s 



Operation: The content of each bit of the AC is sampled, and if any bit con- 
tarns a 1 the contents of the PC are incremented by one so that the next se- 
orrnr^" '"/ [""^^'^"'^ ^^ipped. If all bits of the AC Contain a a no operation 
occurs and the next sequential instruction is initiated. 

Symbol: If ACq — , , t^ 0, then PC -I- 1 -^ PC 

Skip on Minus Accumulator (SMA) 

Octal Code: 7500 

Sequence; 1 

Indicators: Opr, Fetch [|R = 7, f] 

Execution Time: 1.5 [1.6] /ts 

Operation: The content of the most significant bit of the AC is sampled, and 
If It contains a 1, md.catmg that the AC contains a negative two's comple- 
ment number, the contents of the PC are incremented by one so that the next 
sequential instruction is skipped. If the AC contains a positive number no 
Tn^s^rucSCn"''''"''^ ^"^ program control advances to the next sequential 

Symbol: ACo = 1, then PC -t- 1 -> PC 

Skip on Positive Accumulator (SPA) 

Octal Code: 7510 

Sequence: 1 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] ^s 

Operation: The content of the most significant bit of the AC is sampled and 
If It contains a 0, Indicating a positive (or zero) two's complement nu^ber 
tne contents of the PC are incremented by one so that the next sequential 
instruction is skipped. If the AC contains a negative number, no operation 
occurs and program control advances to the next sequential instruction. 

Symbol: If ACq = 0, then PC -i- 1 -> pc 

Clear Accumulator (OLA) 

Octal Code: 7600 

Sequence: 2 

Indicators: Opr, Fetch [IR = 7, F] 

Execution Time: 1.5 [1.6] fis 

Operation: Each bit of the AC is cleared to contain a binary 0. 
Symbol: 0-> AC 

PROGRAM INTERRUPT 

The program interrupt features allow certain external conditions to interrupt 
the computer program. Program interrupts are used to either speed the in- 
formation processing of input/output devices or allow certain alarms to halt 
the program in progress and initiate another routine. When a program interrupt 
request is made, the computer completes execution of the instruction in 
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progress before acknowledging the request and entering the interrupt mode, 
A program interrupt is similar to a JMS to location 0; that is, the contents of 
the program counter are stored in location 0, and the program resumes oper- 
ation in location 1 with the interrupt disabled. The interrupt program com- 
mencing in location 1 is responsible for identifying the signal causing the 
interruption/for removing the interrupt condition-, and for returning to the 
original program with the interrupt re-enabled. Exit from the interrupt pro- 
gram, back to the original program, can be accomplished by a JMP I 
instruction. 

Instructions 

The two instructions associated with the program interrupt synchronization 
element are lOT microinstructions that do not use the lOP generator. These 
instructions are: 

Interrupt Turn On (ION) 

Octal Code: 6001 

Event Time: Not applicable 

Indicators: lot, Fetch, Ion [IR = 6, F, ION] 

Execution Time: 1.5 [1.6] /xs 

Operation: This command enables the computer to respond to a program 
interrupt request. If the interrupt is disabled when this instruction is given, 
the computer executes the. next instruction, then enables the interrupt. The 
additional instruction allows exit from the interrupt subroutine before allow- 
ing another interrupt to occur. This instruction has no effect upon the condi- 
tion of the interrupt circuits if it is given when the interrupt is enabled. 

Symbol: 1 -^ INT ENABLE 



Interrupt Turn Off (lOF) 

Octal Code: 6002 
Event Time: Not applicable 
Indicators: lot. Fetch [IR = 6, F] 
Execution Time: 1.5 [1.6] ^s 

Operation: This command disables the program interrupt synchronization ele- 
ment to prevent interruption of the current program. 



Symbol: -^ INT ENABLE, INT DELAY 



Programming 

When an -interrupt request is acknowledged, the interrupt is automatically dis- 
abled by the program interrupt synchronization circuits (not by instructions). 
The next instruction is taken from core memory location 1. Usually, the in- 
struction stored in location 1 is a JMP, which transfers program control to a 
subroutine which services the interrupt. At some time during this subroutine, 
an ION instruction must be given. The ION can be given at the end of the 
subroutine to allow other interrupts to be serviced after program control is 
transferred. back to the original program. In this application, the ION instruc- 
tion immediately precedes the last instruction in the routine. A delay of one 
instruction (regardless of the execution time of the following instruction), is 
inherent in the ION instruction to allow transfer of program control back to the 
original program before enabling the interrupt. Exit from the subroutine 
usually is accomplished by a JMP I instruction. 
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The ION command can be given during the subroutine as soon as it has deter- 
mined the I/O device causing the interrupt. This latter method allows the sub- 
routine which is handling a low priority interrupt to be interrupted, possibly 
by a high priority device. Programming of an interrupt subroutine, which 
checks for priority and allows itself to be interrupted, must make provisions 
to relocate the contents of the program counter stored in location 0; so that 
the return address to the original program is not lost if another interrupt 
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CHAPTER 5 
DATA BREAK 

All notations in brackets [ ] indicate data for the PDP-8/L computer only. 

Programmed transfers of data, including program interrupt transfers, pass 
through the accumulator. The accumulator must therefore be cleared while 
the transfer is performed. This type of transfer is often too slow for use with 
extremely fast peripheral devices. Devices which operate at very high speed, 
or which require very rapid response from the computer, use the data break 
facility (standard on the PDP-8/1; optional on the PDP-8/L). When using the 
data break facility, an external device is permitted to insert or extract words 
from the computer memory, bypassing all program control. Because the com- 
puter program has no cognizance of the transfers made in this manner, the 
program must check for the presence of this data prior to its use. The data 
break is particularly well suited for devices that transfer large amounts of data 
in block form, for example, random-access disk files, high-speed magnetic tape 
systems, or high-speed drum memories. 

Peripheral equipment connected to the data break facility can cause a tem- 
porary suspension of the in-progress program, causing a halt in information 
being transferred with the computer core memory, via the MB. From two to 
nine I/O devices can be connected directly to the data break facility through 
the use of a Type DM04 Data Multiplexer (one DM04 for each three break 
devices), which has a positive I/O bus. (A data multiplexer is not necessary 
when only one I/O device is used.) The Type DM01 Data Multiplexer performs 
a similar function on computers equipped with a negative I/O bus, and can 
handle up to seven break devices. This cycle stealing mode of operation pro- 
vides a high-speed transfer of individual words or blocks of information to 
core memory. 

Since program execution is not involved in data Break transfers, the program 
counter, accumulator, and instruction register are not disturbed or involved in 
these transfers. The program is suspended at the conclusion of an executed 
instruction and the data break is initiated to perforrff the transfer; then the 
Fetch cycle is initiated to continue the main program. 

There are two types of data breaks: single-cycle and three-cycle. During a 
single-cycle data break, registers in either the I/O device or the device's inter- 
face specify the core memory address for each transfer and count the number 
of transfers, thus determining the end of the data blocks. During a three-cycle 
data break, two core memory locations within the computer are used to per- 
form these functions, thereby simplifying the I/O interface by omitting two 
hardware registers. The computer receives the following signals from the I/O 
device during a data break: 

Signal -3[-h3]V OV 

Break Request No break request Break request 

Cycle Select One-cycle break Three-cycle break 

Transfer Direction Data into computer Data out of computer 

Increment GA Inhibit CA incremented CA not incremented 

Increment MB (pulse) MB not incremented MB incremented 

Address (12 bits) ' Binary Binary 1 

Data (12 bits) Binary Binary 1 
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iiiS cornputer sends the lOllowing bi^iiajb to the device during a data break: 

Signal Characteristics 

Data (12 bits) -3 [ + 3] V = binary 0, V = binary 1 

Address Accepted 0.35-0.45 /is negative going pulse (0 to -3 V) 

[ + 3 V to V] beginning at time TP4 of a break cycle. 
WC Overflow -3 [+3 V to Vj V level change beginning at time 

TP2 of the WC state and lasting to the end of the cur- 
rent machine cycle. 
Buffered Break' -3 [0 V] V when in Break state. 

NOTE: Signal voltages for the positive bus PDP-8/1 (with the KA8/IB option 
installed), are like the PDP-8/L, +3 V and O V. , 

The I/O device must supply four signals simultaneously to initiate a data 
break: break request, that sets the BRK SYNC flip-flop in the major state 
generator thus controlling entry into the data break states (either the Word 
Count for a three-cycle break or the Break for a single-cycle break); transfer 
direction (supplied to the MB allowing data to be strobed into the MB from 
the I/O device and inhibiting reading from core memory); cycle select (con- 
trolling gating in the major state generator, thus determining if the single- 
cycle or three-cycle data break is selected); and a core memory address of 
the transfer for the data supplied. When the data break request is made, the 
data break cycle replaces the fetch cycle of the next irvstruction. Therefore, 
the data break is entered at the end of either the execute cycle of a memory 
reference instruction, the fetch cycle of augmented instructions, or a previous 
break cycle. Once a data break is established, the computer continues to 
execute breaks until the break request signal by the I/O device is removed. 

More exactly, the break request signal sets the BRK SYNC flip-flop. 

At time TP4 of each computer cycle, the major state generator is set to estab- 
lish the state for the next cycle. At this time, the status of the BRK SYNC flip- 
flop is sampled and if it is set, the Word Count or Break state is set into the 
major state generator and a data break cycle commences. Therefore, to initiate 
a data break, the break request input line must be at ground potential at time 
TPl of the cycle preceding the data break cycle. The break request, address, 
data, transfer direction, and cycle select signals all should be simultaneously 
supplied to the computer. 

When a data break occurs, the address designated by the I/O device is loaded 
into the MA during time TP4 of the last cycle of the current instruction (in- 
struction in progress at the time of the break request signal), and the major 
state generator is set according to the cycle select signal. If the cycle select 
signal is at ground then the major state generator is set to the Word Count 
state, but if the cycle select signal is at -3 [ + 3] V, then the major state 
generator is set to the Break state. The program is then delayed for the dura- 
tion of the data break which commences in the following cycle. A break re- 
quest is granted only after completion of the current instruction under the 
following conditions: 

a. At the end of the fetch cycle of an OPR or lOT instruction, or a directly 
addressed JMP instruction. 

b. At the end of the defer cycle of an indirectly addressed JMP instruction. 

c. At the end of the execute cycle of a JMS, DCA, ISZ, TAD, or AND 
instruction. 



46 



At either the beginning of the word count cycle of a three-cycle data break or 
the break cycle of a single-cycle data break, the address supplied to the MA 
is strobed into the MA and the computer supplies an address accepted signal 
to the I/O device. Entry into the Break state is indicated to the 1/0 device by 
a buffered break signal. These signals may be used to enable gates in the I/O 
device and its interface to perform tasks that are associated with the data 
transfer. 

The address accepted signal is the most convenient control available to the 
I/O equipment to disable the break request signal, since this signal must be 
removed to prevent a second data break from occurring in the next cycle. If 
the transfer direction signal establishes that the direction of the data flow is 
from the computer, the contents of the core memory register at the address 
specified are transferred into the MB and are immediately available for strobing 
by the I/O equipment. If the transfer direction signal specifies that the direc- 
tion of data flow is into the computer, the reading from core memory is in- 
hibited and data is transferred into the MB from the I/O device. The status of 
the BRK SYNC flip-flop is sensed at time TPl of a break cycle to determine if 
an additional break cycle is required. If the break request signal is present, 
the Break state is maintained in the major state generator; if a break request 
signal is not received at this time, the Fetch state is set into the major state 
generator to continue the program. The break request signal should be re- 
moved before the end of the address accepted signal if additional break cycles 
are not required. 

SINGLE-CYCLE DATA BREAK 

Single-cycle data breaks either transfer a data word into the computer core 
memory from the I/O device, transfer a data word into an I/O device from the 
core memory, or increment the contents of a device-specified core memory 
location. In each of these types of data break, one computer cycle is stolen 
from the program during each transfer; break cycles occur singly (interleaved 
with the program steps) or continuously (as in a block transfer), depending 
upon the timing of the break request signal, at rates of up to 660 kHz [625 
kHz]. 

» 

During the first portion of the break cycle, the contents of the addrgggpH r.f^\[ 
are rea^ jpfp tho ^Ff- \f |f^p fr^r.^t^f^-^r^^^j^ i^ frr^j^ t ^e coniputer tot " 
I/O device^ The write operation then restores the original ddfllSnts ot"t 



_ of the 

addressed cell to memory. If the transfer direction is into tire computer, in- 
formation is transferred from the output data register of the I/O device into 
the MB at time TP2, and is written into core memory during the later portions 
of the break cycle, ff there is a further break request, another break cycle is 
initiated. If there is no break request, the contents of the PC are transferred 
into the MA, and the major state generator is set to Fetch. The program then 
executes the next instruction. 

The Increment MB facility is useful for counting iterations or events by means 
of a data break, so that the PC and AC are not disturbed. Within one break 
cycle of 1.5 [1.6] ^s, a word is fetched from a device-specified core memory 
location, is incremented by one, and is restored to the same memory location. 
The increment MB signal input must be supplied to the computer only during 
a break cycle and the direction of transfer must be from the computer. These 
restrictions can be met by a simple AND gate in the device; an increment MB 
signal is generated only when an event occurs, the buffered break signal from 
the computer Is present, and the transfer direction signal supplied to the 
computer is at ground potential. 
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THREE-CYCLE DATA BREAK 

The three-cycle data break provides an economical method of controlling the 
transfer of data between the computer core memory and fast peripheral de- 
vices. Transfer rates in excess of 220 kHz [208 kHz] are possible using this 
feature. 

The three-cycle data break differs from the one-cycle break in that a ground- 
level cycle select signal is supplied at the same time as the break request is 
made. When the request is honored, the Word Count state is set to increment 
the fixed memory location containing the word count. The I/O device request- 
ing the break supplies this address as in the single-cycle break, except that It 
is a fixed address supplied by wired ground and -3 [ + 3] V signals rather than 
from a register. 

Following the Word Count state a Current Address state occurs in which the 
location following the word count address is read, incremented by one, re- 
stored to memory, and loaded into the MA to be used as the transfer address. 
Then the Break state is initiated to effect the transfer between the I/O device 
and the computer memory cell specified by the MA. The following paragraphs 
detail each of these states. 

Word Count State 

The Word Count state is initiated and the contents of the core memory address 
specified by the external I/O device plus 1 are loaded into the MB at time 
TP2. The word count, established previously by instructions, is the two's com- 
plement negative number equal to the required number of transfers. When the 
word becomes following an increment, the computer generates a WC over- 
flow signal and supplies it to the I/O device. The incremented word count is 
rewritten in memory, th^contents of the MA are incremented by 1 to establish 
the next location as the address for the following memory cycle, and the major 
state generator is set to the Current Address state. 



Current Address State 

The Current Address state is entered as the second cycle of a three-cycle data 
break. Normally the current address location is incremented before use, al- 
though the incrementing can be suppressed by grounding INCREMENT CA 
INHIBIT [-H -> CA Inhibit]. In either case, the memory word from the address 
following the word count address is loaded (directly or incremented) into the 
MB at time TP2. The contents of the MB are rewritten into core memory, the 
address word in the MB is transferred into the MA to designate the address to 
be used in the succeeding memory cycle, and the major state generator is set 
to the Break state. 

Break State 

The Break state is the third cycle of a three-cycle data break. The actual trans- 
fer of data between the I/O device and core memory, through the MB, occurs 
during this cycle in the same manner as during a single-cycle data break, 
except that the address has been determined from a word in memory rather 
than directly from the I/O device. 
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CHAPTER 6 
COMPUTER INTERNAL OPTIONS 

All notations in brackets [ ] indicate data for tine PDP-8/L computer only. 
Chapter 6 is divided into six sections; Section 6-1 describes the computer 
options to the PDP-8/1 and PDP-8/L systems for memory equipment and in- 
structions, including the MCS/IA and B [MC8/LA and B] Memory Extension 
Control, MM8/IA-F Memory Modules (for PDP-8/1 only), and MP8/1 [MP8/L] 
Memory Parity Control; Section 6-2 describes the Power Failure Detection and 
Restart unit KP8/I [KP8/L]; Section 6-3 describes the Extended Arithmetic 
Element (EAE) KE8/I (for PDP-8/1 only); Section 6-4 describes the various 
Real Time Clock options KW8/IA-F [KW8/LA-F]; Section 6-5 describes the Time 
Sharing Hardware Modification Unit KT8/I (for PDP-8/1 only); and Section 6-6 
describes the Positive Input/Output Bus KA8/I (for PDP-8/1 only). The KD8/L 
Data Break facility is also considered a computer internal option, but is dis- 
cussed in Chapter 5. 

SECTION 6-1 MEMORY EQUIPJ^ENT AND INSTRUCTIONS 

MEMORY EXTENSION CONTROL MC8/I [MC8/L] AND 
MEMORY MODULE MM8/I 

(The logic for the Memory Extension Control, Type MC8/1, is located in the 
PDP-8/1 central processor, whereas the Memory Extension Control, Type 
MC8/L, is located in the BA08 Peripheral Expander.) There are two types of 
memory extension controls and memory modules available for use with these 
systems. The MC8/IA and MC8/LA are designed for operation in the systems 
not utilizing the memory parity options. When the MP8/1 or MP8/L Memory 
Parity options are installed in these systems then either the MC8/IB or the 
MC8/LB should be used in lieu of the MCA/81A and MCA/8LA, respectively. 

The memory extension control expands the storage capacity of the standard 
4096-word core memory by adding fields of 4096-word core memories. Field 
select control and extended-address control for up to 32,768 [8192] words are 
provided through maximum use of these options. In the PDP-8/1 the MC8/I 
adds a 4096-word core memory internal to the computer for a total of 8K of 
memory. Each Memory Module (MM8/I) adds either 4096-words of core mem- 
ory or 8192 words of core memory external to the computer. Up to six fields 
of 4096-word core memory can be added externally to the PDP-8/1, providing 
a maximum storage of 32,768 words (internal and external). The MM8/I can- 
not be attached to the MC8/L. Direct addressing of 32,768 words requires 15 
bits (2'5 = 32,768). However, since programs and data do not need to be 
directly addressed for execution of each instruction, a field can be program- 
selected, and thus all 12-bit addresses are assumed to be within the current 
memory field. Program interrupt of a program in any field automatically 
specifies field 0, address for storage of the program count. The memory 
extension control consists of several 3- [1-] bit flip-flop registers extending 
addresses to 15 [13] bits to establish or select the proper field. 

Addition of a memory extension control to a standard PDP-8/1 requires a sim- 
ple modification of the operator's console to activate indicators and switches 
associated with the IF register and the DF register of the memory extension 
control. These switches function, in the same manner as the switch register, 
to load information into associated registers when the Load Add [LOAD 
ADDR] switch is depressed. 
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The functional circuit elements which comprise the memory extension con- 
trol perform as follovvs: 

Instruction FieW Register (IF) — The IF is a 3- [1-] bit register that serves as 
an extension of the PC. The contents of the IF determine the field from which 
all instructions are taken and the field from which operands are .taken in 
directly-addressed AND, TAD, ISZ, or DCA instructions. Depressing the Load 
rxdd [LOAD ADDR] switch transfers the contents of the instruction field switch 
register on the operator's console into the IF register. During a JMP or JMS 
instruction, the IF is set by a transfer of information contained in the instruct 
tion buffer register. When a program interrupt occurs, the contents of the IF 
are automatically stored in bits through 2 [bit only] of the save field 
register for restoration to the IF from the instruction buffer register at the 
conclusion of the program interrupt subroutine. 

Data Field Register (DF) — This 3- [1-] bit register determines the memory 
field from which operands are taken in indirectly-addressed AND, TAD ISZ 
or DCA instructions. Depressing the Load Add [LOAD ADDR] switch transfers 
the contents of the DATA FIELD switch register on the operator's console into 
the DF register. The DF is set by a transfer of information from bits 6 through 
8 [bit 8 only] of the MB during a CDF microinstruction to establish a micro- 
programmed data field. When a program interrupt occurs, the contents of the 
DF are automatically stored in the save field register. The DF is set by a transfer 
of information from bits 3 through 5 [bit 1 only] of the save field register by 
the RMF microinstruction to restore the data field at the conclusion of the 
program interrupt subroutine. 

Instruction Buffer Register (IB) — The IB serves as a 3- [1-] bit input buffer 
for the instruction field register. All field number transfers into the instruction 
field register are made through the instruction buffer, except transfers from 
the operator's console switches. The IB is set by depressing of the Load Add 
[LOAD ADDR] switch in the same manner as the instruction field register A 
GIF microinstruction loads the IB with the programmed field number con- 
tained m MB5-8 [MB8]. An RMF microinstruction transfers the contents of bits 
through 2 [bit only] of the save field register into the IB to restore the 
instruction field to the conditions that existed prior to a program interrupt. 

Save Field Register (SF) — When a program interrupt occurs, this 6- [-2] bit 
register is loaded from the instruction field and data field registers. The SF is 
loaded during the cycle in which the program count is stored at address 0000 
of the JMS instruction forced by a program interrupt request, then the in- 
struction field and data field are cleared. An RMF microinstruction can be 
given immediately prior to the exit from the program interrupt subroutine to 
restore the instruction field and data field by transferring the contents of the 
SF into the instruction buffer and the data field register. 

AnnLce'tv^t^'^*®'' ^^^^ — "^^'^ 3- fl-3 ^'^ '■eg'ster receives three [one] 
u/K ^? ^--^^ signals from any I/O device using the data break facility 
When the B set signal arrives from the processor, this register is loaded with 
the bit combination of the three inputs. During a three-cycle data break the 
word count and current address cycles always occur in field 0. 

Extended Address Signal Generator — When the PDP-8/1 or PDP-8/L core 
memory capacity is extended, the standard memory is designated as field 
The extended address signal generator circuit produces the extend address 
field signal when data field is selected, or instruction field is selected 
This circuit Will produce the other seven [one] possible extend address field 
signals determined by the bit or bit combination applied to its input. 
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Accumulator Transfer Gating — This gating allows the contents of the save 
field register, instruction field register, or the data field register to be strobed 
into the accumulator. Transfer of information in this manner is accomplished 
by circuits which sample the contents of registers and supply positive pulses 
to the AC upon receipt of lOT command pulses. During an RIB microinstruc- 
tion, bits 6 through 11 [bits 8 and 11] of the AC are set by the contents of, the 
save field register. During an RIF microinstruction, bits 6 through 8 {bit 8] of 
the AC are set by the contents of the instruction field register. During an RDF 
microinstruction, bits 6 through 8 [bit 8] of the AC are set by the contents 
of the data field register. 

Device Selector — Bits 3 through 5 of the lOT instruction are decoded to 
produce the lOT command pulses for the memory extension control. Bits 6 
through 8 of the instruction are not used for device selection since they 
specify a field number in some commands. Therefore, the select code for this 
device selector is designated as 2X. 

The Memory Module Option, Type MM8/I, adds memory and read/write 
switches for each 8K of additional memory. One or two 4K memory modules 
may be specified. Each 4K memory consists of a core array, address selection 
circuits and inhibit selection circuits which are identical with those housed 
in the PDP-8/1. 

Instructions 

The instructions forthe Type MC8/I option do not use the lOP generator. The 
instructions for the MC8/L, however, do use the lOP generator. Use of these 
instructions extends the lOT instruction list to include the following: 

Change to Data Field N (CDF) 

Octal Code: 62N1 

Event Time: Not applicable 

Indicators: lot. Fetch [IR = 6, F] 

Execution Time: 1.5 [4.25] fis 

Operation: The data field register is loaded with the program-selected field 

number (N = to 7 [0 to 1].) All subsequent memory requests for operands 

are automatically switched to that data field until the data field number is 

changed by a new CDF command, or during a program interrupt. 

Symbol: MB4-8 ->^ DF [MBg -> DF] 

Change Instruction Field (CIF) 

Octal Code: 62N2 

Event Time: Not applicable 

Indicators: lot. Fetch [IR = 6, F] 

Execution Time: 1.5 [4.25] fis 

Operation: the instruction buffer register is loaded with the program-selected 

field number (N = to 7 [0 or 1]). The next JMP or JMS instruction causes 

the new field to be entered at the conclusion of that instruction. 

Symbol: MBfcis ^^ IB [MBs ^^ IB] 

Read Data Field (RDF) 

Octal Code: 6214 

Event Time: Not applicable 

Indicators: lot. Fetch [IR =, F] , 

Execution Time: 1.5 [4.25] ^s 

Operation: The contents of the data field register are ORed into bits 6, 7, 8 

[bit 8] of the AC. All other bits of the AC are unaffected. 

Symbol: DF V ACt-s -^ ACj-s [DF V ACg -^ ACg] 
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Read Instruction Field (RIF) 

Octal Code: 6224 

Event Time: Not applicable 

Indicators: lot, Fetch [llfe= 6, F] 

Execution Time: 1.5 [4.^] fis 

Ope'ration: The contents of the instruction field register are ORed into bits 6, 

7, 8 [bit 8] of the AC. All other bits of the AC are unaffected. 

Symbol: IF V AC s-s "> ACj-s [IF V ACg -> ACg] 



Read Interrupt Buffer (RIB) 

Octal Code: 6234 ' 

Event Time: Not applicable 

Indicators: lot, Fetch [IR = 6, F] 

Execution Time: 1.5 [4.25] /is 

Operation: The contents of the save field register (which is loaded from the 

instruction and data fields during a PI) are ORed into bits 6 through 8 [bit 8 

only] and 9 through 11 [bit 11 only] of the AC, respectively. Thus AC4-8 [ACs] 

contains the instruction field and AC9-1 1 [ACi 1] contains the data field which 

were in use before the last PI. 

Symbol: SF0-2 V ACfc-g ->- AC^-s [SFo V ACs -> ACs] 

SF3_5 V AC,-| , ->► AC9-1 , [SF, V AC, I ->- AC| |] 



Restore Memory Field (RMF) 

Octal Code: 6244 
Event Time: Not applicable 
Indicators: lot, Fetch [IR = 6, F] 
Execution Time: 1.5 [4.25] iis 

Operation: This command is used upon exit from the program interrupt sub- 
routine in another field. The data and instruction fields that were in use at the 
time of the interrupt, are restored by transferring the contents of the save 
field register into the instruction buffer and data field registers. 
Symbol: SF0-2 -^ IB [SFo ->■ IB] 
SF3_5->DF[SFi ^-DF] 



Programming 

Instructions and data are accessed from the currently assigned instruction and 
data fields, where instructions and data may be stored in the same or different 
memory fields. When indirect memory references are executed, the operand 
address refers first to the instruction field to obtain an effective address which, 
in turn, refers to a location in the currently assigned data field. All instructions 
and operands are obtained from the field designated by the contents of the 
instruction field register, except for indirectly addressed operands which are 
specified by the contents of the data field register. In other words, the DF is 
effective only in the execute cycle that is directly preceded by the defer cycle 
of a memory reference instruction, as follows: 
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Indirect Page or Z Bit Field Field Effective 

(Bit 3) (BitO) In IF In DF Address 



m n The operand is in page of field m 

at the page address specified by bits 
5 through 11. 

1 m n The operand is in the current page of 

field m at the page address specified 
by bits 5 through 11. 

1 m n The absolute address of the operand 

in field n is taken from the contents 
of field m located in page desig- 
nated by bits 5 through 11. 

1 1 m n The absolute address of the operand 

in field n is taken from the contents 
of field m located in the current 
page, designated by bits 5 through 
11. 



Each field of extended memory contains eight auto-index registers in addresses 
10 through 17. For example, assume that a program in field 2 is running (IF 
= 2) and using operands in field 1 (DF = 1) when the instruction TAD I 10 is 
fetched. The defer cycle is entered (bit 3 = 1) and the contents of location 
10 in field 2 are read, incremented, and rewritten. If address 10 in field 2 
originally contained 4321, it now contains 4322. In the execute cycle the 
operand is fetched from location 4322 of field 1. Program control is trans- 
ferred between memory fields by the CIF instruction. The instruction does not 
change the 'instruction field directly, since this would make it impossible to 
execute the next sequential instruction; instead it loads the new instruction 
field into the IB for automatic transfer into the IF when either a JMP or JMS 
instruction is executed. The DF is unaffected by the JMP and JMS instructions. 

The 12-bit program counter is set in the normal manner and, since the IF is an 
extension on the most significant end pf the PC, the program sequence resumes 
in the new memory field following a JMP or JMS. Entry into a program interrupt 
is inhibited after the CIF instruction until a JMP or JMS is executed. 



To call a subroutine that is out of the current field, the data field register is 
set to indicate the field of the calling JMS, which establishes the location of 
the operands as we'll as the identity of the return field. The instruction field is 
set to the field of the starting address of the subroutine. The following sequence 
returns program control to the main program from a subroutine that is out of 
the current field. 
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/PROGRAM OPERATIONS !N MEMORY FIELD 2 

/INSTRUCTION FIELD = 2; DATA FIELD = 2 

/CALL A SUBROUTINE IN MEMORY FIELD 1 

/INDICATE CALLING FIELD LOCATION BY THE CONTENTS OF THE DATA FIELD 



CIF 



CDF 



10 



20 



/CHANGE TO INSTRUCTION 
/FIELD 1 = 6212 
/SUBRP = ENTRY ADDRESS 
/RESTORE DATA FIELD 



SUBRP, SUBR /POINTER 

/CALLED SUBROUTINE, LOCATED IN FIELD 1 

/RETURN ADDRESS STORED HERE 

SUBRP CLA 

RDF /READ DATA FIELD INTO AC 

TAD RETURN /CONTENTS OF THE AC = 6202 + DATA 

/FIELD BITS 
DCA EXIT /STORE INSTRUCTION SUBROUTINE 

/NOW CHANGE DATA FIELD IF 

DESIRED 



EXIT, 

JMP 1 SUBR 
RETURN, CIF 



/A CIF INSTRUCTION 

/RETURN 

/USED TO CALCULATE EXIT 

INSTRUCTION 



When a program interrupt occurs, the current instruction and data field 
numbers are automatically stored in the 6- [2-] bit save field register, then the 
IF and DF are cleared. The 12-bit program count is stored in location 0000 of 
field and program control advances to location 0001 of field 0. At the end of 
the program interrupt subroutine, the RMF instruction restores the !F and DF 
from the contents of the SF. The following instruction sequence at the end of 
the program interrupt subroutine continues the interrupted program after the 
interrupt has been processed: 

/RESTORE MQ IF REQUIRED [PDP-8/1 only] 



/RESTORE L IF REQUIRED 



CLA 
TAD AC 
RMF 
ION 
JMP I 



/RESTORE AC 

/LOAD IB FROM SF 

/TURN ON INTERRUPT SYSTEM 

/RESTORE PC WITH CONTENTS OF 

/LOCATION AND LOAD IF FROM IB 



An I/O device, using the computer data break facility, supplies a 12-bit address 
to the MA and a 3-bit [1-bit] address extension to the memory extension 
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control. The address extension is received by a break field decoder which 
selects the memory field used for the data break. Word count and current 
address are located in field in a three-cycle data break. 

MEMORY PARITY MP8/I [MP8/L] 

(The logic for this option is housed within the central processor.) Data trans- 
mission checking of each word written into and read from core memory is 
provided by this option. The option replaces the 12-bit core memory with a 
13-bit system (driving, inhibiting, and sensing circuits as well as a core array 
constructed of 13 planes) and includes a parity generator and a parity check- 
ing circuit. The parity generator produces the 13th bit for each 12-bit data 
word written in core memory so that the entire word contains an odd number 
of binary Is (odd parity). The parity checking circuit monitors each word read 
from core memory to assure that the odd parity is maintained: If a word read 
contains an even number of Is a transmission error is indicated by initiating 
a parity error flag. This flag is connected to the program interrupt system to 
initiate a program interrupt subroutine. This routine sequentially checks all 
equipment error flags to determine the option catising the interrupt and 
initiates an appropriate service and returns to the main program, or provides 
a suitable error printout and halts programmed operations. Upon determining 
that a memory parity error has occurred, the program interrupt subroutine 
can repeat the main program step that caused the error to check the reliability 
of the error condition, can perform a simple write/read/check routine at the 
error address, or can determine the status of the maTchine when the error was 
detected and re-establish or print out these conditions and halt operations. 

Instructions 

Two instructions are associated with the memory parity options. They are: 

Skip on No Memory Parity Error (SMP) 

Octal Code: 6101 

Event Time: 1 

Indicator: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /is 

Operation: The memory parity error flag is sensed and, if it contains a 

(signifying no error has been detected), the PC is incremented so that the next 

successive instruction is skipped. 

Symbol: If Memory Parity Error Flag = 0, then PC + 1 ->■ PC 

Clear Memory Parity Error Flag (CMP) 

Octal Code: 6104 

Event Time: 3 

Indicator: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Operation: The memory parity error flag is cleared. 

Symbol: ->■ Memory Parity Error Flag 

Programming 

Both instructions for this option are used in the program interrupt subroutine 
and in diagnostip maintenance programs. The SMP command is used as a 
programmed check for memory parity error. In the program interrupt sub- 
routine this command can be followed by a jump to a portion of the routine 
that services the memory parity option as described previously. The CMP 
command is used to initialize the memory parity option in preparation for 
normal programmed operation of the computer. 
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SECTION 6-2 POWER FAILURE DETECTION AND RESTART KP8/I 
[KP8/L] 

(The logic for this option is housed within the central processor.) This pre- 
wired option protects an operating program in the event of failure of the source 
of computer primary power. If a power failure occurs, this option causes 
a program interrupt and enables continued operation for 1 millisecond, allow- 
ing the interrupt routine to detect the low power condition as initiator of the 
interrupt, and to store both the contents of active registers (AC, L, MQ, etc.), 
and the program count in known core memory locations. When power is 
restored, the power low flag clears and a routine beginning in address 0000 
starts automatically. This routine restores the contents of the active registers 
and program counter to the conditions that existed when the interrupt oc- 
curred, then continues, the interrupted program. 

The power failure option consists of three logic circuits: 

A power interrupt circuit monitors the status of the computer power supply, 
and sets a power low flag when power is interrupted (due to a power failure or 
to the operation of the POWER lock on the operator's console). This flag 
causes a program interrupt when an interruption in computer power is 
detected. 

A shut-down sequence circuit assures that when a power interrupt occurs, 
the computer logic circuits continue operation for 1 ms to allow a program 
subroutine to store the contents of the active registers. The computer opera- 
tion is halted at the end of the 1-ms interval if it is still running. A restart 
circuit clears the power low flag and restarts the program when power condi- 
tions are suitable for computer operation. A manual RESTART switch located 
on the power failure module enables or disables the automatic restart opera- 
tion. With this switch in the ON (down) position, the option clears the MA 
immediately and produces a signal to simulate operation of the START key 
on the operator's console 200 ms after power conditions are satisfactory. The 
MA is cleared so that operation restarts by executing the instruction in address 
0000. This instruction must be a JMP to the starting address of the subroutine 
which restores the contents of the active registers and the program counter 
to the conditions that existed prior to the power low interrupt. The 200-ms 
delay assures that slow mechanical devices, such as Teletype equipment, have 
completed any previous operation before the program is resumed. Simulation 
of the manual START function causes the processor to generate a power 
clear pulse to clear internal controls and I/O device registers. With the RE- 
START switch in the OFF (up) position, the power low flag is cleared but the 
program must be started manually, possibly after resetting peripheral equip- 
ment or by scarting the interrupted program from the beginning. The shut-down 
circuitry is unaffected by the switch. 

A skip circuit provides programmed sensing of the condition of the power low 
flag by adding the following instruction to the computer repertoire: 

Skip on Power Low (SPL) 

Octal Code: 6102 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /xs 
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Operation: The content of the power low flag is sampled, and if it contains a 
1 (indicating a power failure has been detected) the contents of the PC are 
incremented by one so the next sequential instruction is skipped. 

Symbol: If Power Low flag = 1, then PC + 1 ->- PC 

Since the time that computer operation can be extended after a power 
failure is limited to 1 ms, the condition of the power low flag should be the 
first status check made by the program interrupt subroutine. The interrupt 
subroutine, starting with the SPL microinstruction and including the power 
fail program sequence can be executed in 30 ns on a basic PDP-8/1 with an 
EAE [27 IMS on a PDP-8/L]. The power fail program sequence stores the con- 
tefits of the active registers and program count in designated core memory 
locations, then relocates the calling instruction of the power restore sub- 
routine to address 0000, as follows: 

Remarks 

/STORAGE FOR PC AFTER PROGRAM INTERRUPT 

/INSTRUCTION EXECUTED AFTER PROGRAM 

/INTERRUPT 

/SKIP IF POWER LOW FLAG = 1 

/INTERRUPT NOT CAUSED BY POWER LOW, 

/CHECK OTHER FLAGS 

/INTERRUPT WAS CAUSED BY POWER LOW, 

/SAVE AC 

/GET LINK 

/SAVE LINK 

/GET MQ [PDP-8/1 only] 

/SAVE MQ [PDP-8/1 only] 

/GET PC 

/SAVE PC 

/GET RESTART LOCATION 

/DEPOSIT RESTART LOCATION IN 0000 

/ABCD IS LOCATION OF RESTART ROUTINE 

Automatic program restart begins by executing the instruction stored in ad- 
dress 0000 by the power fail routine. This instruction must be a JMP (either 
direct or indirect). The power restore subroutine restores the contents of the 
active registers, enables the program interrupt facility, and continues the 
interrupted program from the point at which it was interrupted, as follows: 



Address 


Instruction 


0000 


- 


0001 


JMP FLAGS 


FLAGS, 


SPL 




JMP OTHER 




DCA AC 




RAR 




DCA LINK 




MQA 


., 


DCA MQ 




TAD 0000 




DCA PC 




TAD RESTRT 




DCA 0000 




HLT 


RESTRT, 


JMP ABCD 



Address 


Instruction 


Remarks 


0000 


JMP ABCD 




ABCD, 


TAD MQ 


/GET MQ [PDP-8/1 only] 




MQL 


/RESTORE MQ [PDP-8/1 only] 




TAD LINK 


/GET LINK 




CLL RAL 


/RESTORE LINK 




TAD AC 


/RESTORE AC 




ION 


/TURN ON INTERRUPT 




JMP 1 PC 


/RETURN TO INTERRUPTED PROGRAM 



SECTION 6-3 EXTENDED ARITHMETIC ELEMENT (EAE) KE8/I 

(The logic for this option is located within the PDP-8/1 central processor.) 
This option consists of circuits that perform parallel arithmetic operations on 
positive binary numbers. A 12-bit multiplier quotient register (MQ), a 5-bit 



57 



step counter (SC), and various shifting and control logic elements constitute 
the option. The AC and MB are used in conjunction yvith these logic elements 
to perform arithmetic operations. With the addition of this option to a PDP-8/1 
system, indicators on the operator's console for the content of each bit of the 
MQ are activated and a class of instructions is added to the Group 2 Operate 
instruction list. 

[NSTRUCTiONS 

The Extended Arithmetic Element (EAE) microinstructions are specified by an 
operate instruction (operation code 7) in which bits 3 and 11 contain binary Is. 
Being augmented instructions, the EAE commands are microprogrammed and 
can be combined with each other to perform non-conflicting logical operations. 
Format and bit assignments of the EAE commands are indicated in Figure 6?1. 



1 = SCL 

2 = MUY 

3 = DVI 

4 = NMI 

5 = SHL 

6 = ASR 

7 = LSR 



Operation 
code 7 



CLA 



SCA 






1 


2 


3 4 


5 


6 


7 


8 


9 


10 


11 



Contains MQA 

a Ito 

specify 
EAE group 


MQL 


Contains 
a Ito 
specify 

EAE group 


Logical Sequence: 

1 




•CLA 






2 

3 (Bits 8 through 10 
3 (Bits 8 through 10 
3 (Bits 8 through 10 
3 (Bits 8 through 10 
3 (Bits 8 through 10 
3 (Bits 8 through 10 
3 (Bits 8 through 10 


=^ l)- 
=2X- 
=3)- 
= 4) — 
= 5)- 
= 6) — 
= 7) — 


MQA, MQL, SCA 
■SCL 
MUY 
DVI 

NMI (cannot be combined with MQL) 
SHL 
ASR 
LSR 





Figure 6-1. EAE Microinstruction Bit Assignments 



Multiply (MUY) 

Octal Code: 7405 

Sequence: 3 

Indicators: Opr, Fetch, Pause 

Execution Time: 4.8 to 7.2 ixs 

Operation: The number held in the MQ is multiplied by the number held in 

core memory location PC + 1 (or the next successive core memory location 

after the MUY instruction), and the PC is made equal to PC + 2. At the 

conclusion of this instruction, the link contains a 0, the most significant 12 
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bits of the product are contained in tine AC, and the least significant 12 bits of 
the product are contained in the iVlQ. ^ 

Symbol: YxMQ^-AC, MQ 
0^- L 
PC + 2 ^- PC 

Divide (DVI) 

Octal Code: 7407 

Sequence: 3 

Indicators: Opr, Fetch, Pause 

Execution Time: 5.2 to 7.8 ^s 

Operation: The 24-bit dividend held in the AC (most significant 12 bits) and 

the MQ (least significant 12 bits) is divided by the divisor held in core memory 

location PC + 1 (or the next successive core memory location following the 

DVI instruction). At the conclusion of this instruction, the quotient is held in 

the MQ, the remainder is in the AC, and the L contains a 0. If the L contains a 

1, divide overflow occurred and the operation was concluded after the first 

cycle of the division. 

Symbol: AC, MQ ^ Y^^ MQ 
PC + 2 ->- PC 

Normalize (NMI) 

Octal Code: 7411 

Sequence: 3 

Indicators: Opr, Fetch, Pause 

Execution Time: 1.5 /xs + 0.25 /ts for each shift 

Operation: This instruction is used as part of the conversion of a binary 

number to a fraction and an exponent for use in floating-point arithmetic. 

Regardless of sign, the combined contents of the AC and the MQ are shifted 

left by this one instruction until the content of ACO is not equal to the content 

of ACl, or until 6000 0000 is contained in the combined AC and MQ, to form 

the fraction. Zeros are shifted into vacated MQll positions for each shift. At 

the conclusion of this instruction, the step counter contains a number equal to 

the number of shifts performed, which can be loaded into the AC by an SCA 

instruction to form the exponent. The content of L is lost. 

Symbol: ACj -> MCj — 1 
ACo ->- L 
MQo->- AC,, 
MQj -^ MQj — 1 
^- MQ, I until ACo ± AC, or until AC MQ = 6000 000 

Shift Left (SHL) 

Octal Code: 7413 
Sequence: 3 

Indicators: Opr, Fetch, Pause 
Execution Time: 3.0 /iS + 0.25 ns for each shift 

Operation: This instruction is used for scaling by shifting the combined con- 
tents of the AC and MQ to the left one position more than the number of 
positions indicated by the contents of core memory at address PC + 1 (or the 
next successive core memory location following the SHL instruction). During 
the shifting, zeros are shifted into vacated MQll positions. The L, AC, and MQ 
are treated as one long register during this operation. Bits shifted out of ACO 
enter the L, and bits shifted out of the L are lost. 
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ACj -> ACj — 1 
ACo ->► L 
MQo^-AC|, 
MQj -> MQj — 1 
O^^MQii 
PC + 2 -^ PC 

Arithmetic Shift Right (ASR) 

Octal Code: 7415 
Sequence: 3 

Indicators: Opr, Fetch, Pause 
Execution Time: 3.0 /is + 0.25 fxs for each shift 

Operation: This instruction is used for scaling and treats the AC and MQ as 
one long register. The combined contents of the AC and the MQ are shifted 
right one position 'more than the number contained in memory location PC + 
1 (or the next successive core memory location following the ASR instruction). 
The sign bit, contained in ACO, enters vacated positions, the sign bit is pre- 
served in the link, information shifted Out of MQll is lost, and the L is set to 
correspond to the sign bit during this operation. 

Symbol: Shift Y + 1 positions as follows: 
ACo -> L 
ACo -^ ACo 
ACj -^ ACj + 1 
AC||->^MQo 
MQj -^ MQj + 1 
PC + 2 ->► PC 

Logical Shift Right (LSR) 

Octal Code: 7417 

Sequence: 3 

indicators: Opr, Fetch, Pause 

Execution Time: 3.0 /xs + 0.25 /is for each shift 

Operation: This instruction is used for scaling and treats the AC and MQ as 

one long register. The combined contents of the AC and MQ are shifted right 

one position more than the number contained in memory location PC + 1 (or 

the next successive core memory location following the LSR instruction). This 

instruction is similar to the ASR instruction except that zeros instead of the 

sign bit enter vacated positions. Information shifted out of MQll is lost and 

the L is cleared during this operation. 

Symbol: Shift Y + 1 positions as follows: 
0-^L 
0-> ACo 
ACj -^ ACj + 1 
ACm ->- MQo 
MQj -> MQj + 1 
PC + 2 -> PC 

Load Multiplier Quotient (MQL) 

Octal Code: 7421 

Sequence: 2 

Indicators: Opr, Fetch 

Execution Time: 1.5 fis 

Operation: This instruction clears the MQ, loads the contents of the AC into 

the MQ, then clears the AC. This operation is essential to initializing any mul- 
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tiply or divide routine and can be combined witii a MUY or DVi. but not with 
an NMl instruction. 
Symbol: AC -> iVlQ 
->► AC 

Step Counter Load from Memory (SCL) 

Octal Code: 7403 

Sequence: 3 

Indicators: Opr, Fetch, Execute 

Execution Time: 3.0 /xs .,.,•, x +i,« ,w«k^ intn 

Operation: Loads the complement of bits 7 through 11 of the word into 
memory followin g the instruction into the step counter. 
Symbol: MB7-11 ->- SC 
PC + 2 -^ PC 

Step Counter Load into Accumulator (SCA) 

Octal Code: 7441 
Sequence: 2 
Indicators: Opr, Fetch 

Execution Time: 1.5 /ts ^ ^ . • 4. 4.u ao th:.. 

Operation: The contents of the step counter are transferred mto the AC This 
instruction is used following an NMl instruction to establish the exponent of a 
normalized number to be used in floating point arithmetic. The AC should be 
cleared prior to issuing this instruction; or the CLA instruction can be com- 
bined with the SCA to clear the AC 5nd then effect the transfer. 
Symbol: SCVAC-^AC 
Multiplier Quotient Load into Accumulator (MQA) 

Octal Code: 7501 
Sequence: 2 
Indicators: Opr, Fetch 

Execution Time: 1.5 /xs . 

Operation: The contents of the MQ are transferred mto the AC. This instruc- 
tion is given to load the 12 least significant bits of the product into the AC 
following a multiplication or to load the quotient into the AC following a 
division. The AC should be cleared prior to issuing this instruction, or the CLA 
instruction can be combined with the MQA to clear the AC and then effect the 

transfer. 

Symbol: MQ VAC ^- AC 

Clear Accumulator (CLA) 

Octal Code: 7601 

Sequence: 1 

Execution Time: 1.5 fis 

Indicators: Opr, Fetch u ,4 ■+h 

Operation: The AC is cleared, allowing this instruction to be combined with 

the other EAE instrucfrons that load the AC (such as SCA and MQA). 

Symbol: -> AC 

PROGRAMMING 
Multiplication 

Multiplication is performed as follows: 

a. Load the AC with the multiplier using the TAD instruction. 

b. Transfer the contents of the AC into the MQ using the MQL command. 

c. Give the MUY command. 

(Note: Steps b and c can be combined into one instruction.) 
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The contents of the MQ are then multiplied bv the contents nf thp n<=»vt s-.'^- 
cessive core memory address (PC + 1). At the conclusion of the multiplication 
the most significant 12 bits of the product are held in the AC and the least 
significant bits are held in the MQ. This operation takes a maximum of 7 2 jus- 
at the end of this time the next instruction is executed. 

The following multiplication program examples indicate the operation of the 
KES/I option in closed subroutines (routines which are incorporated into 
larger routines and are not written in a form which allows them to be called 
as a normal mathematical subroutine). 

Multiplication of 12-Bit Unsigned Numbers — Enter with a 12-bit multiplicand 
m AC and a 12-bit, multiplier in core memory. Exit with high order half of 
product in a core memory location labeled HIGH, and with low order half of 
product in the AC. Program time is from 9.3 to 11.7 ns. 

MQL MUY /LOAD MQ WITH MULTIPLICAND INITIATE 

/MULTIPLICATION 

MLTPLR /MULTIPLIER 

DCA HIGH /STORE HIGH ORDER PRODUCT 

MQA /LOAD AC WITH LOW ORDER PRODUCT 

Multiplication of 12-bit Signed Number, 24-bit Signed Product— Enter with a 
12-bit multiplicand in AC and a 12-bit multiplier In core memory. Exit with 
signed 24-bit product in core memory locations designated HIGH and LOW 
Program time is from 36.3 to 54.2 pts. 



CLL 
SPA 

CMA CML lAC 

MQL 

TAD MLTPLR 

SPA 

CMA CML lAC 
DCA MLTPLR 

RAL 

DCA SIGN 

MUY 
MLTPLR 

DCA HIGH 

TAD SIGN 

RAR 

MQA 

SNL 

JMP LAST 

CLL CMA lAC 

DCA LOW 

TAD HIGH 

CMA 

SZL 



lAC 

DCA HIGH 

SKP 

DCA LOW 



/MULTIPLICAND POSITIVE? 
/NO. FORM TWO'S COMPLEMENT 
AOAD MULTIPLICAND INTO MQ 

/MULTIPLIER POSITIVE? 

/NO. FORM TWO'S COMPLEMENT 



/SAVE LINK AS SIGN INDJCATOR 

/MULTIPLY 

/MULTIPLIER 



/LOAD LINK WITH SIGN INDICATOR 

/IS PRODUCT NEGATIVE? 

/NO. MULT DONE, EXIT 

/YES 

/COMPLEMENT RESULT 



/LINK USED TO COUPLE CARRY 

/FROM BIT 12 TO BIT 11 

/OF DOUBLE-LENGTH PRODUCT 



LAST, 
Division 

Division is performed as follows: 
a. Load the 12 least significant bits of the dividend into the AC using the 
TAD instruction, then transfer the contents of the AC into the MQ using the 
MQL command. 
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b. Load the 12 most significant bits of the dividend mto the AC. 

c. Give the DVi command. 

The 24-bit dividend contained in the AC and MQ is then divided by the 12-bit 
divisor contained in the next successive core memory address (PC + 1)- This 
operation takes a maximum of 7.8 /^s and is concluded with ^the 12-bit 
quotient held in the MQ, the 12-bit remainder in the AC, and the link holding a 
if divide overflow did not occur. To prevent divide overflow, the divisor in the 
core memory must be greater than the 12 bits of the dividend held m the AC. 

When divide overflow occurs, the link is set and the division is concluded after 
only one cycle. Therefore, the instruction following the divisor in core mernory 
should be an SZL microinstruction to test for overflow. The instruction follow- 
ing the SZL can be^a jump to a subroutine that services the overflow. This 
subroutine can either cause the program to type out an error indication, 
rescale the divisor or the dividend, or perfdrm other mathematical corrections 
and repeat the divide routine. 

The following division program examples indicate the operation of the Type 
KE8/I option in closed subroutines. 

Division of 12-Bit Unsigned Numbers — Enter with a 12-bit unsigned dividend 
in the AC and a 12-bit unsigned divisor in core memory. Exit with remainder in 
core memory location labeled REMAIN and with the quotient in the AC. Program 
time is a maximum of 15.3 ^s. 

CCL 

MQL DVI /LOAD MQ, INITIATE DIVISION 

DIVSOR /DIVISOR 

SZL /OVERFLOW? 

JMP /YES, EXT 

DCA REMAIN 

MQA /LOAD AC WITH QUOTIENT 

Division of 12-Bit Signed Numbers — Enter with a 12-bit signed dividend in the 
AC and a 12-bit signed divisor in core memory. Exit with unsigned remainder 
in core memory location REMAIN and a 12-bit signed quotient in the AC. 
Program time is a maximum of 39.3 ^s. 

CLL 

SPA /DIVIDEND POSITIVE? 

CMA CML lAC /NO 

MQL 

TAD DIVSOR 

SPA /DIVISOR POSITIVE? 

CMA CWIL I AC /NO 

DCA DIVSOR 

SNL /QUOTIENT NEGATIVE? 

CMA /NO 

CLL 

DCA SJGN /SET SIGN INDICATOR 

DVI 

DIVISOR /DIVISOR 

SZL /OVERFLOW 

JMP /EXIT ON OVERFLOW 

DCA REMAIN 

MQA 

ISZ SIGN 

CMA lAC . 
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SECTION 6-4 REAL TIME CLOCK OPTIONS KWS/IA-F [KWS/ 



/I ACT 
UTI J 



The KW8/I [KW8/L] is a prewired option for the PDP-8/i [PDP-8/L] and pro- 
vides a method of accurately measuring time intervals. There are six KW8 
configurations. The first three basic clocks are referred to as fixed interval 
clocks and consist of a frequency source and a clock control. The next three 
clocks are referred to as programmable-interval clocks and consist of a 
— ,^^,.{,y oOu>^e, i,iu^-r\ i,uiiiroi, dnu a 1^-dii ciock counter . I ne clock counter 
provides preset and readout capability with associated controls. Addition of 
this module allows hardware interval counting, reducing program instruction 
time and, therefore, more efficient use is made of computer time. 

For the fixed interval clocks (Types KW8/IA, KW8/IB, and KW8/IC [KW8/LA 
KW8/LB, and KW8/LC]), the clock control module decodes various lOT instruc- 
crA^*°r.^"°'^ ^ ^^'^ ^"^/°'' INTERRUPT after a frequency source has set the 
FLAG, Counting is performed by incrementing a memory location which has 
been loaded with 2s complement of the desired count. Due to finite instruction 
time, the fixed interval clock has a program upper frequency limit of approxi- 
mately 66.5 kHz for a 12-bit counter and approximately 50 kHz for a 24-bit 
counter. 

For the programmable interval clocks (Types KW8/ID, KW8/IE, and KW8/IF 
[KW8/LD, KW8/LE, and KW8/LF]), the counter module produces an OVER- 
FLOW signal to the clock control module that sets the FLAG for a SKIP and/or 
INTERRUPT. The number of clock pulses before OVERFLOW is determined by 
a number in the accumulator containing the desired number of counts. This 
number is complemented and incremented by the clock counter logic as it is 
loaded into the count register so that when the desired number of counts 
minus one have occurred, OVERFLOW is generated. This signal enables the 
FLAG within the clock control and permits tjie next clock pulse to set the 
FLAG. During counting, the counter contents are transferred to a buffer register 
on the rising edge of the clock pulse and the count is incremented by one on 
the falling edge. The output buffer can be read into the accumulator with the 
appropriate lOT instruction without disturbing the contents of the count 
register. The count read is the last counter valije. if the instruction occurs 
during the clock pulse. Due to the propagation delay of the counter, the pro- 
grammable interval clock has an upper frequency limit of 1 MHz. 

The basic accuracy of the real time clock is that of the frequency source The 
overall accuracy also involves the frequency source and its relationship to the 
instruction time of the service loop, and the number of clock pulses counted 
for a time interval. The period of the frequency source shbuld be greater than 
the time to service the loop including the SKIP and lOT instructions, to prevent 
occurrence of more than one pulse count during the service routine. 

The crystal and line frequency sources are asynchronous to the program 
execution. This allows the variation of the first clock pulse occurrence to be 
as long as one full period. The variable frequency source has less accuracy in 
Its first period because the initial pulse output from this clock is "masked" 
by the clock control, therefore, the first pulse allowed is approximately that of 
a full period. Because of this, the overall accuracy of the clocks using the 
variapie frequency source may exceed that of the clocks using the crystaT anct 
line frequency sources. Table 6-1 generally describes each of the six KW8 
options and how they differ. 
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Table 6-1 Real Time Clock Options 
Type Description 

KW8/IA [KW8/LA] Real Time Clock, Fixed Interval, Line Frequency 

Timing Source 

KW8/IB [KW8/LB] Real Time Clock, Fixed Interval, Variable Fre- 

quency Timing Source 

KW8/IC [KW8/LC] Real Time Clock, Fixed Interval, Crystal Frequency 

Timing, Source 

KW8/ID [KW8/LD] Real Time Clock, Programmable Interval, Line 

Frequency Timing Source 

KW8/IE [KW8/LE] Real Time Clock, Programmable interval, Variable 

Frequency Timing Source 

KW8/IF [KW8/LF] Real Time Clock, Programmable Interval, Crystal 

Frequency Timing Source 



INSTRUCTION DESCRIPTIONS 

Tables 6-2 and 6-3 list the instructions for the basic clock and the preset and 
read-out clock, respectively, and contains the descriptions of their operation. 



Table 6-2 Basic Clock Instruction Descriptions for clocks KW8/IA, KW8/IB, 
KW8/IC, [KW8/LA, KW8/LB, KW8/LC] 
Mnemonic Octal Code Description 

CCFF 6132 The flag, flag buffer, clock enable, and interrupt 

enable flip-flops are cleared. This disables the 
real-time clock. 

CCEC 6136 All clock control flip-flops are first cleared, then 

the clock enable flip-flop is set. For the variable 
frequency clock, the frequency source is enabled 
synchronously with program operation. With all 
clocks the data input to the flag is enabled after 
I0P2 time. This represents an 800-ns mask, after 
the clock is enabled. 

CECI 6137 All clock control flip-flops are cleared, then the 

clock enable, and interrupt enable flip-flops are 
set. The clock enable flip-flop is described with 
the CCEC instruction. The interrupt enable flip- 
flop allows an 10 BUS IN INT signal when the 
flag is set. 

CSCF 6133 When the flag flip-flop has been set by a clock 

pulse, the flag buffer flip-flop is set to a one. 
Upon execution of this instruction an 10 BUS IN 
SKIP is generated if the flag is set. The content 
of the PC is incremented by one so the next 
sequential instruction is skipped. The flag flip- 
flop is then cleared. If the flag flip-flop has not 
been set, no skip is generated nor is the flag 
flip-flop cleared. 
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Table 6-3 Preset and Read-out Instruction Descriptions for clocks KW8/ID, 
KW8/IE, KW8/IF [KW8/LD, KW8/LE, KW8/LF] 



Mnemonic Octal Code 



CCFF 



CECL 



6132 



6136 



CEIL 



CRCA 



6137 



6134 



CSCF 



6133 



Description 

The flag, flag buffer, clock enable, and interrupt 
enable flip-flops are cleared. This disables the 
real-time clock, in addition, the OVERFLOW gat- 
ing is disabled. 

The operations are the same as that of the CCEC 
instruction for the basic clock, except that the 
data input to the flag is not enabled until both 
CLOCK ENABLE and OVERFLOW are set. All 
counter bits are set at I0P2, and then cleared 
according to the accumulator prior to I0P4. At 
I0P4 the contents of the counter (the one's com- 
plement of the accumulator) are transferred to 
the output buffer. At the end of I0P4, the counter 
is incremented by one to provide the two's com- 
plement of the accumulator. 
Operations are the same as those described in 
the CECI instruction for the basic clock, except 
that the counter is loaded according to the CECL 
instruction. 

The output buffer is gated to the I/O BUS during 
I0P4, and a CLK AC CLR signal generated. This 
register contains the last count in the count regis- 
ter. The transfer from the count register is syn- 
chronized with this instruction so that a transfer 
that would occur during this instruction is not 
made. 

When the flag flip-flop has been set by a clock 
pulse, the flag buffer flip-flop is set to a one. 
Upon execution of this instruction an 10 BUS IN 
SKIP is generated if the flag is set. The content 
of the PC is incremented by one so the next 
sequential instruction is skipped. The flag flip- 
flop is then cleared. If the flag flip-flop has not 
been set, no skip is generated nor is the flag 
flip-flop cleared. 



PROGRAMMING EXAMPLES 

The following examples further clarify the instruction set. 

Counting program for the basic KW8/IA, KW8/IB, and KW8/IC [KW8/LA, 

KW8/LB, and KW8/LC] clocks: 

CCEC /ENABLE CLDCK 

CSCF /TEST CLOCK FLAG 

JMP .-1 

ISZ B /COUNT CLOCK PULSES UNTIL B OVERFLOWS 

JMP .-3 



B, XXXX 



/TWO'S COMPLEMENT OF DESIRED COUNT 
66 



Counting with Preset and Read-out Clock KW8/iD, KW8/IE, and KW8/IF 
[KW8/LD, KW8/LE, and KW8/LF], using interrupt: 

'^CLA 
TAD B 

CEIL /LOAD CLOCK COUNTER, ENABLE CLOCK, 

CONNECT CLOCK 
/TO INTERRUPT 



B, YYYY /DESIRED COUNT (NOT COMPLEIVIENT) 

The preset count register with the interrupt facility enabled allows a more 
efficient use of machine,, time. While counting out an interval of time, the 
machine can process other programs instead of looping. 
Single count with KW8/I [KW8/L]: 

By using the Variable Clock (KW8/iB [KW8/LB]), one clock cycle can be 
counted accurately. This improvement of first cycle accuracy can be used for 
multiple counts either in a fixed interval clock or with the preset and read-out 
counter. 



CCEC /OR CECL WITH AC = 1 IF "E" CLOCK USED 

CSCF /TEST CLOCK FLAG 

JMP .-1 



Measurement of an Interval: 

CLA /LOAD COUNTER WITH ZERO, ENABLE CLOCK 
CCEC /BEGIN INTERVAL 



/END OF INTERVAL 
CRCA /READ CLOCK COUNTER 

The initialization of the preset and read-out clock with zero at the beginning 
of the interval allows a direct read-out of the number of clock pulses occurring 
during the interval. If the interval is greater than 77778 pulses, a service of 
OVERFLOW would have to be effected. 



SECTION 6-5 TIME SHARING HARDWARE MODIFICATION KTB/I 

The KT8/I Time-Sharing Option is unique to the PDP-8/1 computer and pro- 
vides the additional logic circuits required for use by the computer when it is 
used in a time sharing system. Type MC8/I Memory Extension Control is a 
prerequisite for use of the KT8/I. The KT8/I uses three instructions to permit 
the time sharing system's monitor to handle user interrupts and to control 
the user interrupt logic circuits. These instructions are listed and described 
in Table 6-4. 
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Mnemonic Octal 

Code Code Description v 

CINT 6204 Clear user interrupt. Resets the user interrupt 

(UINT) flip-flop to the state. 

SiNT 6254 Skip on user interrupt. When the user interrupt 

(UINT) flip-flop is in the 1 state, sets the user 
skip flag (USF) flip-flop to the 1 state and causes 
the program to skip the next instruction. 

CUF 6264 Clear user flag. Clears the user buffer (UB) flip- 

flop. 

SUP 6274 Set user flag. Sets user buffer (UB) and inhibits 

processor interrupts until the next JMP or JMS 
instruction. Generation of IB ->- IF during the 
next JMP or JMS instruction transfers the state 
of UB to the user field (UF) flip-flop. 

The KT8/I operates in two modes as denoted by the user flag (UF) flip-flop. 
When the UF flip-flop is in the logic 1 state, operation is in the user mode 
and a user program is running in the central processor. When the UF flip-flop 
is in the logic state, operation is in the executive mode and the time sharing 
system's monitor is in control of the central process'or. The three added in- 
structions are used by the time sharing system's monitor only in the execu- 
tive mode and are never used by a user program. If a user program attempted 
to use one of these instructions, execution of the instruction would be blocked 
and a user interrupt would result because they are lOT (octal code 6XXX) 
instructions. The KT8/I option adds the necessary hardware to the PDP-8/1 
to implement these three instructions. 

In executive mode, the computer operates normally, as described in Chapter 
5. When the computer is operated in user mode, operation is normal except 
for lOT, HLT, LAS, and OSR instructions. When one of these instructions is 
encountered, the KT8/I hardware inhibits the normal instruction sequence 
(other than rewriting the instruction in memory), and generates an interrupt 
at the end of the current memory cycle by setting the UINT flip-flop. The time 
sharing system's monitor program then analyzes the source of interrupt and 
takes appropriate action. 

SECTION 6-6 POSITIVE INPUT/OUTPUT BUS KA8/IB 

(PDP-8/1 only; the PDP-8/L is available only with a positive bus.) The normal 
output of the PDP-8/IB computer is available on a negative bus. Since many 
I/O devices used require positive inputs, a KA8/IB option is available to re- 
place the modules which provide the negative bus. The KA8/iB consists of 
M660 and M661 Positive Level Driver modules and M516 Positive Bus Re- 
ceiver modules. When these modules are inserted, the PDP-8/1 is converted 
to a positive-bus computer. 

The positive levels produced are +0.2V (maximum) for low logic states and 
-I-3.3V (minimum) for high logic states, which allows direct TTL logic inter- 
facing with the appropriate diode ciamp protection. 
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CHAPTER 7 
INPUT/OUTPUT EQUIPMENT INSTRUCTIONS 

All notations in brackets [ ] indicate data for the PDP-8/L computer only. 

Chapter 7 discusses the input/output equipment which is available for use 
with the PDP-8/1 or PDP-8/L. Section 7-1 describes the Teletype Model ASR 33, 
and high-speed paper reader and punch. Section 7-2 describes the interface 
units which may be required for use with the input/output devices. Sections 
7-3 through 7-11 describe, respectively, the card reader option, the incre- 
mental plotter options, the CRT display options, the magnetic tape options, the 
disk options, analog input subsystem options, digital-to-analog conversion 
subsystem options, communications subsystems options, and the A/D and 
D/A subsystem option. 

SECTION 7-1 TELETYPE AND CONTROL 

All notations in brackets [ ] indicate data for the PDP-8/L Computer only. 

MODEL ASR 33 TELETYPE 

(The control circuitry for this device is located in the central processor). 
The standard Teletype Model ASR 33 (automatic send-receive) is used to type 
in or print out information at a rate of up to ten characters per second, or to 
read in or punch out perforated tape at ten characters per second. Signals 
transferred between the Model ASR 33 and the control logic are standard, 
serial, 11-unit code, Teletype signals. The signals consist of marks and spaces 
which correspond to idle and bias current in the Teletype, and to O's and I's 
in the Teletype control and computer. The start mark and subsequent eight 
character bits are one-unit-of-time duration and are followed by the stop bit, 
which occupies two units. 

The 8-bit code used by the Model ASR 33 Teletype unit is the American Stan- 
dard code for Information Interchange (ASCII) modified. To convert the ASCII 
code to Teletype code add 200 octal (ASCII + 2008 = Teletype). This code is 
read in the normal octal form used in the computer. Bits are numbered from 
right to left, from 1 through 8, with bits 1 through 3 containing the least 
significant octal number. Figure 7-1 illustrates the context and description of 
the ASCII Teletype code and its associated bit content in the AC. 

^EXAMPLE: HOLE 



TAPE 



ASCII CODE 
AC BITS 



CONTENTS 1 1 

NOTE: AC BITS 00THR0U6H 03 ARE 




1 
NOT USED IN 



TELETYPE COMMUNICATIONS 



Figure 7-1 Relationship between Teletype Tape 

AC contents and binary and octal 

number being transferred. 
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which are not assigned. Generally, codes 207, 212, 215, 240 through 337, 
and 377 are sufficient for Teletype operation. The ASR 33 detects all characters, 
but does not interpret all of the codes that it generates as commands. 

The standard number of characters printed per line by the ASR 33 is 72. The 
sequence for proceeding to the next line is a carriage return foiiowed by a line 
feed (as opposed to a line feed followed by a carriage return). Appendix C lists 
the Teletype character code. Punched tape format (for 2648) is as follows: 



Binary Code ^ _ ^ . _ /^P^ Channel 

(Punch = 1) ^7 ^ ^ ^ S 321 

Octal Code 10 110 (Sprocket) 10 



Teletype Controi 

Serial information read or written by the Teletype unit is assembled or dis- 
assembled by the Teletype control for parallel transfer to the AC. The control 
also provides the program that causes either a program interrupt or an instruc- 
tion skip, depending on the availability of the Teletype and the processor. 

In all programmed operation, the Teletype unit and control are considered as a 
Teletype in (TTI) for input intelligence from the keyboard or the perforated- 
tape reader, and as a Teletype out (TTO) for computer output information to be 
printed and/or punched on tape. Therefore, two device select codes are used; 
select code 03 initiates operations associated with the Keyboard/reader (TTI), 
and select code 04 performs operations associated with the teleprinter/ 
punch (TTO). Parallel input and output functions are performed by correspond- 
ing lOT pulses produced by the two device selectors. Pulses produced by the 
lOPl pulse trigger skip gates; pulses produced by the I0P2 pulse clear the 
control flags and/or the accumulator; and pulses produced by the I0P4 pulse 
initiate data transfers to and from the controi. 

Keyboard/Reader 

The keyboard and tape reader control contains an 8-bit shift register (TTI) 
which assembles and holds the code for the last character struck on the key- 
board or read from the tape. Teletype characters from the keyboard/reader 
are received serially by register TTI. The teletype character code is loaded into 
the TTI so that spaces (the absence of holes) correspond with binary O's and 
holes (marks) correspond to binary I's. Upon program command the contents 
of the TTI are transferred in parallel to the AC. 

When a Teletype character starts to enter the SR, the control de-energizes a 
relay in the Teletype unit to release the tape feed latch. When released, the 
latch mechanism stops tape motion only when a complete character has been 
sensed, and before sensing of the next character is started. 

When an 8-bit character has been assembled in the TTI, the keyboard flag is 
set to cause a prbgram interrupt. The program senses the flag with a KSF 
instruction and, if the flag is set, issues a KRB microinstruction which clears 
the AC, clears the keyboard flag, transfers the contents of the TTI into the AC, 
and enables advance of the tape feed mechanism. 



70 



Instructions for use in supplying data to the computer from the Teletype are: 

Ship on Keyboard Flag (KSF) 

Octal Code: 6031 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F,] 

Execution Time: 4.25 /iS 

Operation: If the keyboard flag is set, the contents of the PC are incremented 

by one so that the next sequential instruction is skipped. 

Symbol: If keyboard Flag = 1, then PC + 1 ->- PC 

Clear Keyboard Flag (KCC) 

Octal Code: 6032 
Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 /iS 

Operation: The AC and the keyboard flag are cleared. This allows the hard- 
ware to begin assembling tiie next input character in the TTI. If there is tape 
in the reader and the reader is activated, the character over the read head is 
loaded into the TTI and the tape is advanced one frame. The keyboard can be 
used to load characters into the TTI provided the reader is deactivated (STOP 
or FREE). If the reader and keyboard are inadvertently used at the same time, 
a garbled message results. In either case, when the character is completely 
assembled in the TTI thq, hardware sets the keyboard flag. KCC can be micro- 
programmed with KRS. 

Symbol: -> AC 

->■ Keyboard flag allowing the hardware to cause: 
Keyboard/Tape Character ->- TTI 
1 ->■ Keyboard flag when completed 

Read Keyboard Buffer Static (KRS) 

Octal Code: 6034 

Event Time: 3 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /xs 

Operation: The contents of the TTI are transferred into AC bits 4 through 11. 

This is a static command in that neither the AC nor the keyboard flag is cleared. 

KRS can be microprogrammed with KCC. -• 

Symbol: TTI V AC4-11 -> AC4-11 

Read Keyboard Buffer Dynamic (KRB) 

Octal Code: 6036 

Event Time: 2, 3 . 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: This microinstruction combines the functions of the KCC and KRS. 

The AC and keyboard flag are both cleared and the contents of the TTI are 

transferred into AC bits 4-11. Clearing the keyboard flag allows the hardware 

to begin assembling the next input character into the TTI (as described for 

KCC). When the character is completely assembled in the TTI, the hardware 

causes the keyboard flag to be set, indicating TTI again has a character 

ready for transfer. 

Symbol: 0->- AC TTI V AC4-11 ->► AC4-11 

->- Keyboard Flag allowing the hardware to cause: 
Keyboard/Tape Character -> TTI 
1 ->■ Keyboard flag when completed 
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LOOK, KSF /SKIP IF KEYBOARD FLAG = 1 

JMP LOOK /JMP BACK & TEST FLAG AGAIN 

KRB /TRANSFER TTI CONTENTS INTO AC 

This sequence waits for the TTI to set its flag, indicating that it has a character 
ready to be transferred. It then skips to the KRB command which causes the 
character to be transferred from the TTI to the AC. 

If this sequence of instructions is made a subroutine of the main program, it 
can be accessed each time an input character is desired. Consequently, 

KCC /CLEAR TTI FLAG 



READ, /STOP PC HERE FOR RETURN ADDRESS 

KSF /SKIP IF FLAG = 1 

JMP .-1 /TEST FLAG AGAIN 

KRB /READ CHAR INTO AC 

JMP I READ /EXIT TO MAIN PROGRAM 



Teleprinter/Punch 

On program command a character is transferred from the AC to the output 
shift register (TTO) for transmission to the teleprinter/punch unit. The Tele- 
type control generates the start space, shifts the eight character bits serially 
into the printer selector magnets of the Teletype unit, and then generates the 
stop marks. Bit transfer rate from the TTO to the teleprinter/punch Ajnit is at 
the normal teletype rate. A character transfer requires 100 ms for completion. 
The teleprinter flag is set when the last bit of the character code is sent to the 
teleprinter/punchrindicating that the TTO is ready to receive a new character 
from the AC. The flag activates either the program interrupt synchronization 
element or -the instruction skip element. When using instruction skip, the 
program checks the flag by means of the TSF microinstruction. If the flag is 
set, the program issues the TLS microinstruction which clears the flag and 
sends a new character from the AC to the TTO. AC-to-TTO transfer-time is 
short compared to the print/punch time, so the program must wait for the flag 
to set before issuing another TLS. 

Instructions for use in outputting teletype data are as follows: 

Skip on Teleprinter Flag (TSF) 

Octal Code: 6041 

Event Time: 1 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fj.s 

Operation: If the teleprinter flag is set, the contents of the PC are incremented 

by one so that the next sequential instruction is skipped. 

Symbol: If Teleprinter Flag = 1, then PC + 1 ->- PC 
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Clear Teleprinter Flag (TCF) 

Octal Code: 6042 
Event Time: 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 /is 

Operation: The teleprinter flag is cleared. This instruction can be micropro- 
grammed with TPC. 

Symbol: ->- Teleprinter Flag 

Load Teleprinter and Print (TPC) 

Octal Code: 6044 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /xs 

Operation: AC bits 4-11 are transferred to the TTO at which time the hardware 

starts shifting the character out to the printer/punch unit. This instruction does 

not dear the teleprinter flag. This instruction can be microprogrammed with 

TCF. 

Symbol: AC4-11 -> TTO causing: 

TTO ->- printed and (if punch is on) punched 

Load Teleprinter Sequence (TLS) 

Octal Code: 6046 
Event Time: 2, 3 

Indicators: lot. Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 ^s 

Operation: This is a microinstruction that combines TCF and TPC. The tele- 
printer flag is cleared and the contents of AC bits 4-11 are transferred to the 
TTO, where the hardware shifts the character out to the printer/punch unit. 
When the printer/punch has finished outputting the character and is ready for 
another character, the hardware sets the teleprinter flag. The whole operation, 
from the time at which the TLS has cleared the flag and TPC starts character 
transfer, until the time at which the hardware finishes .with the character and 
again sets the flag, requires 100 ms. 

Symbol: ->- Teleprinter flag 

AC 4-11 -^ TTO, causing: 

TTO -^ Printed and (if punch is 6n) punched 

1 ->" Teleprinter flag when completed 

A typical TTO instruction sequence is: 



CLA 

TAD X /PUT CHARACTER CODE INTO AC FROM 

/LOCATION 
TLS /LOAD TTO FROM AC & PRINT/PUNCH 

FREE, TSF /TEST FLAG TO SEE IF DONE PRINTING, 

/SKIP IF = 1 
JMP FREE /TEST FLAG AGAIN 

CLA /CLEAR CHARACTER CODE FROM AC 
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This sequence sends one character to the TTO and waits for printing/ punching 
before sending another character. It does not require that the flag be set to 
output the character. By making the instruction sequence a subroutine of a 
larger program, it can be accessed by a JIVIS each time a character^ is to be 
output. Assume that the subroutine is entered with the character code in the 
AC: 



TYPE. 





TLS 

TSF 

JMP.-l 

CLA 

JMP I TYPE 



/LOAD TTO FROM AC AND PRINT/PUNCH 
/TEST FLAG, SKIP IF = 1 
/JMP BACK & TEST FLAG AGAIN 
/CLEAR CHARACTER FROM AC 
/EXIT TO MAIN PROGRAM 



By rearranging this subroutine the 100 ms spent waiting for the character to 
be output and the flag to be set is used to continue the main program, making 
more efficient use of program time. 

TYPE, /TEST FLAG TO SEE IF TELEPRINTER FREE, 

TSF /SKIP IF YES OR. .. 

JMP.-l /WAIT TILL IT IS BY TESTING AGAIN AND 

/AGAIN 

TSL /OUTPUT CHARACTER 

CLA /CLEAR CHARACTER FROM AC 

JMP I TYPE /EXIT TO CONTINUE PROGRAM 

This subroutine tests the flag flrst and waits only if a previous character is still 
being output. If clears the AC and exits immediately after sending the char- 
acter to the TTO and continues to run the user's program instead of waiting 
while the Teletype (a much slower I/O device) is typing/punching the preced- 
ing character. The computer clears all flags which are on the clear flag bus 
(including teleprinter flags), when the START pushbutton is depressed. This 
means that the user program must account for setting the teleprinter flag 
initially and after each TCF (if any), or the program hangs up in the wait loop 
of the print routine. The only way to set the flag is by initializing it. This instruc- 
tion should appear among the flrst few executed, and must appear before any 
attempt to output a character. The following example initializes the flag v/ith 
the TLS as the flrst instruction of the program and makes optimum use of the 
punch/print time. 

BEGIN, TLS 



TYPE, 





TSF 

JMP.-l 

TLS 

CLA 

JMP I TYPE 



/SKIP IF FLAG = lor... 

/WAIT UNTIL IT IS LOAD TTO & 

/TYPE CHARACTER 

/CLEAR CHARACTER FROM AC 

/EXIT & CONTINUE PROGRAM WHILE 

/TELEPRINTER IS FINISHING CHARACTER 
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TYPE PR8/I [PR8/L] HIGH SPEED PERFORATED TAPE READER 
AND CONTROL 

(The control circuitry for this device is located in the PDP-8/1 ,[PDP-8/L] central 
processor.) 

The PR8/I [PR8/L] senses 8-hole paper or Mylar tape perforations photo- 
electrically at 300 characters per second. The PR8/I [PR8/L] control requests 
reader movement, transfers data from the reader into the reader buffer (RB) 
and signals the computer when incoming data is present. Reader tape move- 
ment is started by the reader control, simultaneously releasing the brake arid 
engaging the clutch. When the RB contains a complete 8-bit character, the 
reader flag is set. The character is then transferred from RB to AC4-11 by 
instruction RRB. The reader flag is sensed by instruction RSF and cleared by 
instruction RRB. Tape format is as described for the Teletype Model ASR 33. 
Instructions for inputting data from the reader are: 

Skip on Reader Flag (RSF) 

Octal Code: 6011 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /iS ^ 

Operation: The reader flag is sensed and, if it contains a binary 1, the PC is 

incremented by one so that the next sequential instruction is skipped. 

Symbol: If Reader Flag = 1, then PC -H 1 -> PC 

Read Reader Buffer (RRB) 

Octal Code: 6012 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ns 

Operation: The content of the reader buffer is ORed into AC4-11 and the 

reader flag is cleared. This command does not clear the AC. 

Symbol: RB V AC4-11 ^^ AC4-11 

-> Reader Flag 

Reader Fetch Character (RFC) 

Octal Code: 6014 
Event Time: 3 

Indicators: lot. Fetch, Pause [I R = 6, F] 
Execution Time: 4.25 /is 

Operation: The reader flag and the RB are both cleared, one character is 
loaded into RB from the tape, and the reader flag is set when the RB is full. 
Symbol: -^ Reader Flag, O ^^ RB 
Tape Data ->RB 

1 ->• Reader Flag when RB full 

A program sequence loop to read a character from perforated tape can be 
written as follows: 

RFC /FETCH CHARACTER FROM TAPE 

LOOK RSF /SKIP IF READER FLAG = 1 

JMP LOOK /JUMP BACK & TEST FLAG AGAIN 

CLA /CLEAR CHARACTER FROM AC 

RRB /LOAN AC FROM RB, CLEAR READER FLAG 
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TYPE PP8/f [PPS/L] HIGH-SPEED PERFORATED TAPE PUNCH AND CONTROL 

(The control circuitry from this device is located in the PDP-8/1 [PDP-8/L1 
central processor.) The PP8/I consists of a Royal McBee paper tape punch 
that perforates 8-hole paper or Mylar tape at a punch rate of 50 characters 
per second. A character to be punched on a line of tape is loaded in an 8-bit 
punch buffer (PB) from AC bits 4 through 11. The punch flag is set when the 
character has been punched and the PB is empty." The pun'ch flag indicates 
that new information may be transferred into the punch buffer. The punch 
flag is as described for the Teletype Model ASR 33. Instructions for outputting 
data to the punch are: 

Skip on Punch Flag (PSF) 

Octal Code: 6021 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Operation: The punch flag is sensed and, if it contains a binary 1, the PC is 

incremented by one so that the next sequential instruction is skipped. 

Symbol: Skip if Punch Flag = 1, then PC + 1 ->- PC 

Clear Punch Flag (PCF) 

Octal Code: 6022 
Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 pis 

Operation: Both the punch flag and the PB are cleared in preparation for re- 
ceiving a new character from the computer. 
Symbol: ->► Punch Flag, -^ PB 

-Load Punch Buffer and Punch Character (PPC) 

Octal Code: 6024 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Oneratlnn; Thp J?. hit «~h=>r^r*P' ■■-' Ao/i 1 1 ;- 4. „<_, 1 ;,.*- «• r,-> . .. 

., .. .j._ _ .j.t _i.».i„u»c, ,,i . ,^-T -x i lo iiaiiaiciicu iirlu lilt; ro aOQ iflSn 

this character !<; punrhpd The inctm/^tinn Hr^ae- r.,^+ -.i^t-'+Uc. 1- xi-_ __ 

*u no ~ ' — •••--■-«->.= >-... uwwd iiuv wicdf inc jjuHUii nag ut 

Symbol: AC4-11 -> PB 

Load Punch Buffer Sequence (PLS) 
Octal Code: 6026 
Event Time: 2, 3 
Indicators: lot, Fetch, Pause 
Execution Time: 4.25 us 

Operation: The punch flag and punch buffer are both cleared, the content of 
AC bits 4 through 11 is transferred into the punch buffer, the character In the 
PB is punched in tape, and the punch flag is set when the operation is com- 
pleted. 
Symbol: O-^ Punch Flag, ->' PB 

AC4-11 ->► PB 

PB -^ Punch Tape 

1 ->- Punch Flag when PB empty 
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A program sequence loop to punch a character when the punch buffer is "free" 
can be written as follows: 

FREE, PSF /SKIP IF PUNCH FLAG = 1 

JMP FREE /JUMP BACK & TEST FLAG AGAIN 

PLS /CLEAR PUNCH FLAtS & PB, LOAD PB 

FROM AC, PUNCH CHARACTER, SET 
PUNCH FLAG WHEN DONE 

SECTION 7-2 INTERFACE ADAPTER UNITS 

Four types of interface units may be required for use with the PDP-8/1 and the 
PDP-8/L computers — the Type DW08A/DW08-B Input/Output Conversion 
Panel, and the DM01/DM04 Data Channel Multiplexer. A fifth interface unit, 
the Type BA08 Peripheral Expander Unit, is used with the PDP-8/L only. 

TYPE DW08-A/DW08-B INPUT/OUTPUT CONVERSION PANEL 

The basic DW08 panel converts the input and output bus of the computer 
(either the PDP-8/1 or the PDP-8/L) from one voltage level to another, to 
achieve Qompatibility between the computer and various I/O devices. 

The DW08-A I/O Conversion Panel is used on the positive bus of the PDP-8/L 
(or the PDP-8/1 with the KA8/I Positive I/O Bus option installed), to convert 
the positive bus to a negative bus to achieve compatibility with negative bus 
peripherals. Conversely, the DW08-B panel converts the negative bus of a 
PDP-8/1 to a positive bus. The DW08-B only can be used on a negative bus 
PDP-8/1 because the PDP/L bus has only a standard positive bus. 

Figure 7-2 illustrates the differences between the two configurations. The basic 
DW08 panel has I/O cables connected from the computer to its bus. These 
cables contain buffered signals that are amplified and inverted for the optional 
I/O device. The I/O device communicates with the computer via the I/O cables 
through the DW08 panel. 
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Figure 7-2 I/O Conversion Panel Configurations 
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The original bus of the computer is parallel-wired on the DW08 to an additional 
set of input/output slots, enabling the continuation of the original bus to 
additional devices compatible with it. 

TYPE BA08 PERIPHERAL EXPANDER UNIT 

The BA08 option is used exclusively with the PDP-8/L system to facilitate the 
installation of one or more PDP-B/L options that cannot be installed directly 
in the PDP-8/L chassis. The BA08 option is the same physical size as the 
PDP-8/L and is similar in appearance except for a blank front panel. 

Options requiring the use of the BA08 are listed in Table 7-1. The listed options 
can be installed in the BA08 at the same time, except where variations of a 
major option are mutually exclusive. For example, only one KW8/L Real-Time 
Clock option can be used at a time. Similarly, the VC8/L and KV8/L options 
are mutually exclusive. A maximum of one MC8/L Memory Extension Control 
and 4k of core memory can be accommodated in the BA08. 

The BA08 provides interface connections to the PDP-8/L and power for the 
modules used in the applicable I/O options. A power supply, identical to the 
power supply of the PDP-8/L, is contained in the BA08. BA08 circuitry is 
limited to bus driver circuits, inverters, loads, and diode clamps. Signal 
amplification for interfacing signals is provided by the bus driver circuits. 



Table 7-1 Options Used with the BA08 



TYPE 



DESCRIPTION 



CR8/L Card Reader and Control 



DC02 Multiple Teletype Control 



KV8/L Storage Tube Display Control 
Logic only (table space is required 
for VTOl Storage Tube Display) 



Allows the PDP-8/L to read 12 rows, 
80-column punched cards at a nominal 
rate of 200 cards/minute. 
Allows the PDP-8/L user to add from 
one to four teletypewriters or other 
serial data stations. This option con- 
sists of a DC02-A Multiple Control and 
from one to four DC02-D Data Sta- 
tions. 

A display controller which is basically 
an analog stroke vector generator that 
provides programmed selection and 
control to the VTOl Storage Tube Dis- 
play. The KV8/L and the VC8/L can- 
not operate in the same BA08 unit. 
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Table 7-1 Options Used with tine BA08 (continued) 



TYPE 



DESCRIPTION 



KW8/L Real-Time Clock (consists 
of six configuration): 

KW8/LA Fixed-Interval 

Line Frequency 

KW8/LB Fixed-interval 

Variable Frequency 

KW8/LC Fixed -Interval 

Crystal Frequency 

KW8/LD Programmable-Interval 

Line Frequency 

KW8/LE Programmable-Interval 

Variable Frequency 

KW8/LF Programmable-Interval 

Crystal Frequency 



Allows the PDP-8/L to establish a ref- 
erence time to be used to associate 
data with real time. 

Program interrupt occurs each time 
clock pulse is received; counts at a 
specific rate. 

Program interrupt occurs only when 
overflow occurs. Counts at fixed fre- 
quency rate and will not cause a inter- 
rupt until the number of counts de- 
sired is reached. Automatically takes 
2's complements of desired number 
in the AC. 



MC8/LA Memory Extension Control 
and 4096 words of memory without 
memory parity 
MC8/LB Memory Extension Control 



Provides the PDP-8/L with an addi- 
tional 4096-word (4K) memory with 
parity. 
Provides the PDP-8/L with an addi- 



and 4096 words of memory with parity tional 4096-word (4K) memory with 

parity. 



VC8/L Oscilloscope Display Control 
(without display) 



Provides the controls to display and 
plot data on an optional display 
(VROIA, VROIB, VR02, etc. 



NOTE: The VC8/L and KV8/L options cannot be used in the same BA08 
Peripheral Expander Unit. 



VP8/L Incremental Plotter Control 



Allows the PDP-8/L to plot and display 
data on an Incremental Plotter. 



TYPE DM01/DM04 DATA CHANNEL MULTIPLEXER 

Type DM01 multiplexer is a negative-bus data break device which provides the 
PDP-8/1 and PDP-8/L systems with the capability of operating up to seven 
high-speed devices, via the data break facility. Only one DM01 can be used 
with either computer system. The Type DM04 differs from the DM01 in that 
the DM04 is a positive-bus data break device and provides the capability of 
operating up to three high-speed devices; as many as three DM04's can be 
- used simultaneously with either computer. Thus, use of the DM04 option pro- 
vides a maximum use of up to nine optional high-speed devices. 

The multiplexer is essentially a switching device for use between the computer 
and the high-speed I/O devices. The high-speed peripheral devices include 
high-speed magnetic tape systems, high-speed drum memories, and disk sys- 
tems, all of which use the data break facility. 
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SECTION 7-3 TYPE CR8/i [CRS/L] CARD READER 

The Type CR8/I Card Reader reads standard 12 row, 80-column punched cards 
at a nominal rate of 200 cards per minute. Cards are read by column, beginning 
with column 1. One select instruction starts the card moving past the read 
station. Once a card is in motion, aii SO columns are read. Data in a card 
column is photoelectrically sensed. Column information is read in one of two 
program-selected modes: alphanumeric or binary. In the alphanunieric mode 
the 12 information bits in one column are automatically decoded and trans- 
ferred into the least significant half of the accumulator as a 6-bit Hollerith 
code. Appendix C lists the Hollerith card codes. In the binary mode the 12 bits 
of a column are transferred directly into the accumulator sathat the top row 
(12) is transferred into AC and the bottom row (9) is transferred into ACll. 
A punched hole is interpreted as a binary 1 and the absence of a hole is inter- 
preted as a binary 0. Three program flags indicate card reader conditions to 
the computer. The data ready flag appears and requests a program interrupt 
when a column of information is ready to be transferred into the AC. A read- 
alphanumeric or read-binary command must be issued within 1.4ms after the 
data ready flag appears to prevent data loss. The card done flag appears and 
requests a program interrupt when the card leaves the read station. A new 
select command must be issued immediately after the card done flag appears, 
to keep the reader operating at maximum speed. Sensing of this flag can 
eliminate the need for counting columns or, combined with column counting, 
can provide a check for data' loss. The reader-not-ready flag can be sensed by a 
skip command to provide indication of card reader power off, pick failure, a 
dark check indication, a stacker failure, hopper empty, stacker full, Sync failure, 
or light check indication. When this flag appears the reader cannot be selected 
and select commands are ignored. The reader-not-ready flag is not connected 
to the program interrupt facility and cannot be cleared under program control. 
Manual intervention is required to clear the reader-not-read flag. Instructions 
for the CR8/I [CRS/L] are: 



Skip Gn Data Ready (RCSF) 

Octal Code: 6631 
Event Time: 1 

Indicators: lot. Fetch, Pause [IR = 6, F] 
Execution Time: 4,25 ,«s 

Operation: The content of the data ready flag is sensed and, if it contains a 1 
(indicating that information for one card column is ready to be read), the con- 
tent of the PC is incremented by one so the next sequential instruction is 
skipped. 
Symbol: If Data Ready Flag = 1, then PC -I- 1 -^ PC 



Read Alphanumeric (RCRA) 

Octal Code: 6632 
Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 /xs 

Operation: The 6-bit Hollerith code for the 12 bits of a card column are trans- 
ferred into bits 6 through 11 of the AC, and the data ready flag is cleared. 
Symbol: AC6-11 V Hollerith Code -^ AC6-11 
-> Data Ready Flag 
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Read Binary (RCRB) 

Octal Code: 6634 
Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 iis 

Operation: The 12-bit binary code for a card column is transferred directly into 
the AC, and the data ready flag is cleared. Information from the card column 
is transferred into the AC so that card row 12 enters ACO, row 11 enters ACl, 
row Q enters AC2, . . . and row 9 enters ACU. 
Symbol: AC V Binary Code -> AC 
->■ Data Ready Flag 



Skip on Card Done Flag (RCSD) 

Octal Code: 6671 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /iS 

Operation: The content of the card done flag is sensed and, if it contains a 1 

(indicating that the card has passed the read station), the content of the PC 

is incremented to skip the next sequential instruction. 

Symbol: If Card Done Flag = 1, then PC + 1 ->- PC 



Select Card Reader and Skip if Ready (ROSE) 

Octal Code: 6672 
Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 ^s 

Operation: The content of the reader-not-ready flag is sensed and, if it contains 
a 1 (indicating that the card reader is ready for programmed operation), the PC 
is incremented to skip the next sequential instruction; a card is started towards 
the read station from the feed hopper; and the card done flag is cleared. If the 
reader-not-ready flag contains a (indicating power is off or no card is in the 
read station), card selection (motion) and skip do not occur. 
Symbol: If Reader-Not-Ready Flag = 1, then PC + 1 ^^ PC 
-^ Card Done Flag 



Clear Card Done Flag (RCRD) 

Octal Code: 6674 

Event Time: 3 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 iis 

Operation: The card done flag is cleared. This command allows a program to 

stop reading at any point in a deck. 

Symbol: ->- Card Done Flag 
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A logicai instruction sequence to read cards is: 



START, 



NEXT? 



DONE. 



RCSE 

JIV1P NOT RDY 



RCSF 

JMP. DONE 
RCRA or RCRB 

DCA 1 STR 
RCSD 
JMP NEXT 
JMP OUT 



/START CARD MOTION AND SKIP IF READY 
/JUMP TO SUBROUTINE THAT TYPES OUT 
/"CARD READER MANUAL INTERVENTION 

/DcrM lipCT\" r\o LJ fH TO 

/DATA READY? 

/NO, CHECK FOR END OF CARD 

/YES, READ ONE CHARACTER OR ONE 

/COLUMN AND CLEAR DATA READY 

/STORE DATA 

/END OF CARD? 

/NO, READ NEXT COLUMN 

/YES, JUMP TO SUBROUTINE THAT CHECKS 

/CARD COUNT OR REPEATS AT START FOR 

/NEXT CARD 



No validity checking is performed by the CR8/I [CR8/L]. A programmed 
validity check can be made by reading each card column in both the alpha- 
numeric and the binary mode (within the 1.4 ms time limitation) and then 
performing a comparison check. 

Before commencing a card reading program, energize the reader, load the 
input hopper with cards, and press the MOTOR START and READ START push- 
buttons. The function of the manual controls and indicator^ are shown in 
Table 7-2 (as they appear from right to left on the card reader): 



Table 7-2 CR8 Controls and Indicators 



Control or indicator 






MOTOR START 



READ START 



Function 



v^n-v^ii toggle switch. Applies power lo ail circuits 
except drive motor. 

Momentary action pushbutton, with separate in- 
dicator. Applies power to main drive motor. 
Motor start is also used as a reset to clear error 
indicators and therefore will not operate if there 
is an unremedied condition such as: 

1. Input hopper is empty. 

2. Output hopper is full. 

3. All photo cells are not lit. 

4. Internal power supply is not operational. 

Momentary action pushbutton, with separate in- 
dicator. Causes ready line to go high, which en- 
ables card reading under control of the external 
read command. If read command is open or high, 
card reading begins immediately at full rated 
speed. 
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Table 7-2 CR8 Controls and Indicators (Cont.) 



Control or Indicator 



Function 



READ STOP 



INDICATORS 



PICK FAIL Indicator 



DARK CHECK Indicator 



STACKER FAIL Indicator 

HOPPER EMPTY Indicator 
STACKER FULL Indicator 

SYNC FAIL Indicator 
LIGHT CHECK Indicator 



Momentary action pushbutton, with separate in- 
dicator. Inhibits further card reading until READ 
START switch is pressed again. Ready line goes 
low and READ STOP condition is indicated. Does 
not stop drive motor. However, a READ STOP 
condition is indicated whenever the drive motor 
is stopped. 

Several detection circuits are incorporated in the 
card reader. Whenever any red indicator Ughts, 
the drive motor is stopped after allowing the 
completion of the current card cycle. 

Lights when a card fails to enter the read station 
after two successive pick attempts. 

After the card enters the read station, a check is 
made at the hypothetical 0th and 81st hole posi- 
tions to be sure all photocells are dark. If not, 
the DARK CHECK indicator lights and data out- 
puts are inhibited immediately. 

When three cards have passed the read station 
and none have been stacked, a STACK FAIL is 
indicated. Prevents more than three cards from 
being in the track at once. 

Indicates input hopper is empty. 

Switch closure detects when approximately 400 
cards are in the stacker hopper. 

Internal timing signals are derived from an os- 
cillator which is synchronized^ to the track speed. 
If the sync signal is lost, a SYNC FAIL is indicated. 

All photo cells must always be lit except during 
the time a card is being read. The detector is 
inhibited each time a card enters the read station 
until position (count of) 84. If a card fails to 
leave the read station by this time, a LIGHT 
CHECK is indicated. 



SECTION 7-4 PLOTTER OPTIONS 



TYPE VP8/I [VP8/L] INCREMENTAL PLOTTER CONTROL 

(The control circuitry for this device is located in the PDP-8/1 central processor 
[BA08 Peripheral Expander Box when used with the PDP-8/L computer].) 
Four models of California Computer Product's Digital Incremental Recorder 
can be operated from a Type VP8/I [VP8/L] Incremental Plotter Control. 
Characteristics of the four recorders are: 
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CCP step Size Speed Paper Width 

Model (Indies) (steps/minute) (inches) 

563 *0.01 or 0.005 12,000 30 

565 0.01 or 0.005 18,000 12 

(NOTE: Each of the two models is available in one of two sizes; either step size 
0.01 or 0.005.) 

The principles of operation are the same for each of the models. Bidirectional 
rotary stepping motors are employed for both the X- and Y-axes. Plotting is 
produced by movement of a pen, relative to the surface of the graph paper, 
with each pen direction instruction causing an incremental step in one of four 
directions. X-axis deflection is produced by motion of the drum; Y-axis deflec- 
tion, by motion of the pen carriage. Instructions are used to raise and lower 
the pen from the surface of the paper. Each incremental step can be in any one 
of eight directions through appropriate combinations of the X- and Y-axis 
instructions. All recording (discrete points, continuous curves, or symbols) is 
accomplished by the incremental stepping action of the paper drum and pen 
carriage. Front panel controls permit single-step or continuous-step manual 
operation of the drum and carriage, and manual control of the pen solenoid. 
The recorder and control are connected to the computer program interrupt 
and instruction skip facility. Instructions for the recorder and control are: 



Skip on Plotter Flag (PLSF) 

Octaj Code: 6501 

Event Time: 1 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 jus 

Operation: The plotter flag is sensed and. if it contains a 1. the content of the 

PC is incremented by one so. the next sequential instruction is skipped. 

Symbol: If Plotter Flag = 1, then PC + 1 -> PC 



Clear Plotter Flag (PLCF) 

Octal Cede: 6502 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, Fl 

Execution Time: 4.25. /iS 

Operation: The plotter flag is cleared in preparation- for issuing a plotter 

operation command. 

Symbol: -> Plotter Flag 



Pen Up (PLPU) 

Octal Code: 6504 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 us 

Operation: The plotter pen is raised from the surface of the paper. 

Symbol: None 
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Pen Right (PLPR) 

Octal Code: 6511 

Event Tfme: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: The plotter pen is moved to the right in either the raised or lowered 

position. 

Symbol: None 



Drum Up (PLDU) 

Octal Code: 6512 

Event Time: 2 

indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Operation: The plotter paper drum is moved upward. This command can be 

combined with the PLPR and PLDD commands. 

Symbol: None 



Instructions for the plotter and control are: 

Drum Down (PLDD) 

Octal Code: 6514 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /is 

Operation: The plotter paper drum is moved downward. 

Symbol: None 



Pen Left (PLPL) 

Octal Code: 6521 

Event Time: 1 

Indicators: lot. Fetch, Pause [IR = 6, F] ' 

Execution Time: 4.25 fis 

Operation: The plotter pen is moved to the left in either the raised or lowered 

position. 

Symbol: None 



Drum Up (PLUD) 

Octal Code: 6522 

Event Time: 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /is 

Operation: The plotter paper drum is moved upward. This command is similar 

to command 6512, except that it can be combined with the PLPL or PLPD 

commands. 

Symbol: None „ 
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Pen Down (PLPD) 

Octal Code: 6524 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /is 

Operation: The plotter pen is lowered to the surface of the paper. 

Symbol: None 

Program sequence must assume that the pen location is known at the start of 

a routine since there is no means of specifying an absolute pen location in an 

incremental plotter. Pen location can be preset by the manual controls on the 

recorder. During a subroutine, the PDP-8/1 [PDP-8/L] can track the location 

of the pen on the paper by counting the instructions that increment the position 

of the pen and the drum. 

VP8/IA AND VP8/IB [VP8/LA AND VP8/LB] INCREMENTAL PLOTTERS 
AND CONTROLS 

The A and B versions of the basic VPS indicate that the user can purchase the 
controls and/or plotters separately and for varying step sizes and paper widths. 
Table 7-3 lists the options available to the user. 

Table 7-3 VPS Options 



Control Only 


Control and Plotter 
(30 inch) 


Control and Plotter 
(12 inch) 


VP8/I 
VP8/L 


VP8/IA 
0.01 in. or 0.005 in. 

VPS/ LA 
0.01 in. or 0.005 in. 


VPS/IB 
0.01 in. or 0.005 in. 

VPS/ LB 
0.01 in. or 0.005 in. 



SECTION 7-5 CRT DISPLAYS 

The CRT display equipment for use with either computer consist of a Type 
VC8/I [VC8/L] Oscilloscope Display Control Unit and a KV8/I [KV8/L] Storage 
Tube Display Control. However, to use either the VC8/L or the KV8/L with trie 
PDP-S/L computer, the BA08 Peripheral Expander unit must also be used. 
Only one type of display can be accommodated at any time. 

TYPE VC8/I [VCS/L] OSCILLOSCOPE DISPLAY CONTROL UNIT 

(The VCS/I control circuitry is located in the PDP-S/I central processor; the 
VCS/L control circuitry is located in the BA08 unit.) 

The Type VCS/I [VCS/L] is a two-axis, digital-to-analog converter with an 
intensifying circuit, which provides the deflection and intensifying pulses 
needed to plot data on Models RM503 and RM564 Tektronix oscilloscope. (See 
VROl-A and VROl-B for more information.) Coordinate data in 10-bit characters 
are loaded into an X buffer (XB) and a Y buffer (YB) from AC2-11. The binary 
data in the XB and YB buffers is converted to OV to +2.7V analog deflection 
signals. The 20V (max) intensifying signal, which connects to the grid of the 
CRT, is controlled by the output of a 2-bit brightness register (BR). The BR 
controls the amplitude of the intensifying pulse, depending on the binary 
content of BR, which is loaded from a number contained in lOT instruction 
DSB. The BR is initialized to a load of maximum intensity by application of 
power to the computer or by depressing the Start [START] pushbutton switch. 
Points can be displayed at a rate of approximately 30 kHz. The instructions for 
outputting data to the display are: 
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Clear X-Coordinate Buffer (DCX) 

Octal Code: 6051 

Event Time: 1 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /xs 

Operation: The X-coordinate buffer (XB) is cleared. 

Symbol: -> XB 

Load X-Coordinate Buffer (DXL) 

Octal Code: 6053 

Event Time: 1, 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 p.s 

Operation: The X-coordinate buffer (XB) is loaded with new X-axis data from 

AC2-11. 

Symbol: AC2-11 -^ XB 

Clear Y-Coordlnate Buffer (DCY) 

Octal Code: 6061 

Event Time: 1 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /ts 

Operation: The Y coordinate buffer (YB) is cleared. 

Symbol: -> YB 

Clear and Load Y-Coordinate Buffer (DYL) 

Octal Code: 6063 

Event Time: 1, 2 * 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ns 

Operation: The Y-coordinate buffer (YB) is loaded with the new Y-axis data 

from AC2-11. 

Symbol: AC2-11 -^ YB 

Intensify (DIX) 

Octal Code: 6054 

Event Time: 3 

Indicators: lot. Fetch, Pause [IR - 6, F] 

Execution Time: 4.25 /is 

Operation: Intensify the point defined by the content of XB and YB. This 

command can be combined with the DXL command. 

Symbol: None 



Intensify (DIY) 

Octal Code: 6064 

Event Time: 3 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ns 

Operation: Intensify the point defined by the content of XB and YB. This 

command is identical to the DIX command except that it can be combined 

with the DYL command. 

Symbol: None 
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X-Coordinate Sequence (DXS) 

Octal Code: 6057 

Event Time: 1, 2, 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Operation: DXS is a microinstruction which combines instructions DXL and 

DIX. XB is loaded from AC2-11, the point defrned by the content of the X and 

Y buffers is intensified. 

Symbol: AC2-11 ->■ XB then intensify 

Y-Coordinate Sequence (DYS) 

Octal Code: 6067 

Event Time: 1, 2, 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 iis 

Operation: DYS is a microinstruction which combines instructions DYL and 

DIY. YB is loaded from AC2-11, then the point defined by the content of the 

X and Y coordinate buffers is intensified. 

Symbol: AC2-11 -^ YB then intensify 

Set Brightness Control. (DSB) 

Octal Code: 607X 
Event Time: 3 

Indicators: lot, Fetch, Pause [IR, = 6, F] 
Execution Time: 4.25 /^s 

Operation: The brightness register (Bf?) is loaded from the content of bits 10 
and 11 of the instruction. Instruction code 6074 sets zero Isrightness; instruc- 
tion code 6075 sets minimum brightness;instruction code 6076 sets medium 
brightness; instruction code 6077 sets maximum brightness. 
Symbol: MBlO-11 -> BR 



The following program sequertce, to display a point, assumes that the co- 
ordinate data is stored in known addressesX and Y. 



X, 
Y, 
BEG, 


CLA 


/CLEAR CHARACTER FROM AC 




TAD X 


/LOAD AC WITH X 




DXL 


/LOAD XB 




CLA 


/CLEAR X FROM AC 




TAD Y 


/LOAD AC WITH Y 




DYS 


/LOAD YB, /DISPLAY POINT 




CLA 


/CLEAR Y FROM AC 



TYPE VROIA OSCILLOSCOPE DISPLAY AND MOUNTING HARDWARE 

The VROl-A is a Tektronix RM503 Oscilloscope Display unit and its associated 
mounting hardware which is used to plot points on a self-contained 5-inch 
CRT. The VROl-A is controlled by the VC8/I [VC8/L]. 

TYPE VROl-B OSCILLOSCOPE DISPLAY MOUNTING HARDWARE AND 
TYPE 370 LIGHT PEN 

The Type VROl-B consists of the VROl-A and a Type 370 Light Pen, photo- 
sensitive device, which detects the presence of information displayed on a 
CRT. If the pen is held against the face of the CRT at a bright point, the light 
pen display flag is set. The flag activates the computer instruction skip facility, 
the instructions for which are: 
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Skip on Display Flag (DSF) 

Octal Code: 6071 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /xs 

Operation: The display flag is sensed and, if it is set, the content of the PC 

is incremented by one so that the next sequential instruction, Js skipped. 

Symbol: If Display Flag = 1, then PC + 1 ^^ PC 

Clear the Display Flag (DCF) 

Octal Code: 6072 

Event Time: 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ns u • u* • 4- 

Operation: The display flag is cleared prior to sensing another bright point 

on the CRT. 

Symbol: -^ Display Flag 

TYPE KV8/I [KV8/L] GRAPHIC SYSTEM 

The KV8/I [KV8/L] Gra'phic System is available for the PDP-8/1 [PDP-8/L] 
computer system. This display system can be utilized in interactive graphic, 
graphical output, and alphanumeric terminal applications. The KV8/I controller 
plugs into the internal option bus of the PDP-8/1 [the BA08 Peripheral Expander 
unit on the PDP-8/L]. 

The KV8/I [KV8/L] Graphic System utilizes the VTOl storage tube display with 
a 6V2 inch by 8l^ inch screen size. Inputs to the system are entered via the 
TTY keyboard the H306 Joystick graphic input device, or other compatible 
devices. The ^system includes the EDGRIN (EDitor with GRaphic INterpreter) 
software-support package. 

The controller portion of the graphic system is basically an analog stroke vector 
generator that provides programmed selection and control of the VTOl storage 
tube display. Hardware capabilities include: single command point plotting, 
linear vectors, circular vectors, and arc vectors. Alphanumeric character 
generation is accomplished by the use of an efficient, programmable sub- 
routine supplied with the basic system. 

The controller accepts analog input signals produced by the H306 or other 
compatible source on the X or Y cursor channels. The system provides a means 
to display these signals as a visible but non-stored cursor on the VTOl, and to 
perform the required analog-to-digital conversion to enter these signals into 
the computer. The controller can operate up to eight independent VT01/VT02 
terminals by adding the M713 multiplex option. These terminals consist of the, 
VTOl storage tube display and the VT02 terminal, which includes an electronic 
keyboard (128-character code), interface electronics, -power supply. Joystick 
comparator and hooded terminal case. Each terminal is serviced by the multi- 
plexer and is operated independently of other terminals on the system, thus 
allowing a single system to service multiple applications. 
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Specifications 

These specifications are based on using the KV8/I with the PDP-8/1 computer 
(Operating rates must be adjusted for the slower speeds of the PDP-8/L.) 

Hardware 

a. No refresh is necessary. Drift and flicker are eliminated bv the direct- 
view storage tube. 

b. High information density. Over 4000 characters (76 characters/line, 
54 lines), and 30,000 discrete resolvable points or vectors. 

c. Linear stroke vector generation at 225 full-screen vectors/second, or 
1750 short vectors/second. 

d. Circle generation accomplished by single-cbmmand circular stroke 
generator. 

e. Point plotting capable of addressing a page-size of 32 x 32 cm with 
1024 X 1024 points. 

f. Joystick-controlled pointer incorporating a write-through cursor. 

g. Variable font symbol generator (average writing speed of 350 Hz with 
64 basic alphanumeric characters, program expandable). 

h. Origin shifting and scalling (zooming) to view area 21 x 16.3 cm. 

Software 

a. General-purpose Text Editor with more than 20 commands for rapid 
editing of text strings. 

b. General-purpose Graphics Software package ready for immediate use 
and easily expandable. 

c. On-line editing for picture manipulation and changing a display copy. 

d. Intermixing of characters with vectors permissible. 

e. Generation of Macro programs that can be referenced as nested 
subroutines. 

f. Graph plotting with incrementing on either the X or Y axis. 

g. Automatic generation of preselected dash/dot sequences, 
h. Function buttons for program interaction. 

i. Automatic generation of alphanumeric linkage listing describing the 
topology of the generated graphical structure. 

INSTRUCTIONS 

Skip if Interrupt is Low (SNC) 

Octal Code: 6051 
Event Time: 1 

Indicators: lot, Fetch, Pause [IR - 6, F] 
Execution Time: 4.25 /zs 

Operation: Senses the condition of the cursor interrupt flag (CIF). The flag 
produces an interrupt request when set by operation of the interrupt push- 
button on the Joystick. The flag is initially cleared when the computer is 
started. As with all flag-sent instructions, SNC can be used under interrupt 
conditions to detect the source of the interrupt, or it can be used under 
interrupt on (ION) when the interrupt request has been caused by the opera- 
tion of the cursor interrupt button. In a program running with the interrupt 
off, SNC can be used to ignore the cursor successive approximation subroutine 
in the program if a request for service has not been made from the Joystick 
controller. 
Symbol: If CIF = 0, then PC + 1 -> PC 
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Clear Interrupt Flag (CCF) 

Octal Code: 6052 

Event Time: 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis ■ ' 

Operation: This instruction is used to clear the GIF after a request for service 

has been acknowledged by the program. 

Symbol: -^.CIF 

Select Analog Comparator (SAC) 

Octal Code: 6062 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Tirne: 4.25 fis 

Operation: The analog comparator (ANC) is set to compare the analog content 

of any one of six analog sources With. the content of the digital-to-analog 

converter. The analog sources are chosen according to a 3-bit binary code. 

This code establishes the parameter for choosing the wanted register according 

to the content of AC2, ACS, and AC6. 

Symbol: AC2, ACS, AC6 -^ ANC 



Accur 


nulatoi 


rBits 


Selected Source 


2 


S 


6 













X INT 








1 


Y INT 


1 








X SH 


1 





1 


Y SH 


1 


1 





X CUR 


1 


1 


1 


Y CUR 



Load and Select Format (LDF) 

Octal Code: 606S 
Event Time: 1, 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 ^s 

Operation: This instruction is used to establish the mode in which a wanted 
graphic is to be produced according to a 2-bit binary code. This code de- 
termines whether the desired vector will be linear absolute relative, whether 
the point plot mode will be used, or whether the cursor will be displayed. This 
code establishes the parameters for these formats by loading the content of 
AC2 and ACS into the format register (FR). The LDF instruction must precede 
the LDX and LDY instructions. 
Symbol: AC2-3 -> FR 

Load AC into X Sample and Hold (LDX) 

Octal Code: 6064 

Event Time: S 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /is 

Operation: The X-axis sample and hold register (XSH) is loaded wjth the 

binary equivalent of the X-axis coordinate according to the contents of AC2-11. 

This data appears at the output of the digital-to-analog converter (DAC) as the 
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LDX instruction clears an existing ready flag (RF) and sets the RF after 100 
±20 /MS. 
Symbol: -^ RF 

AC -^ DAC 

DAC -^ XSH (Analog Voltage) 

1 ^^ RF 



Load AC into Y Sample and Hold (LDY) 

Octal Code: 6065 

Event Time: 1, 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Operation: The Y-axis sample and hold register (YSH) is, loaded with the 

binary equivalent of the Y-axis coordinates according to the contents of AC2-1 1. 

This data appears at the output of the digital-to-analog converter as the analog 

equivalent of the binary word in the AC. The LDY instruction clears an existing 

RF and sets the RF after 100 ± 20 ns. 

Symbol: ->- RF 

AC -^ DAC 

DAC -^ YSH (Analog Voltage) 

1 ^^ RF 



Execute Microprogrammed Instruction (EXC) 

Octal Code: 6066 
Event Time: 2, 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 nS 

Operation: Used to execute the desired vector in the function register (FUR) 
and AC6-11 (bit 4 inhibits bit 6). The parameter word establishes long or short 
formats, circular vectors, display erasure, reset of the integrators, and intensi- 
fication of the vector. The EXC instruction clears an existing RF and sets the RF 

r» c 4f^ 1 1 o \ * f <r ■ 

a) after 20 ± 5 ^s for a point or vector continue 

b) after 250 ^s for short vectors 

c) after 4.05 ms for long vectors 

d) after 500 ms for an erase 
Symbol: -> RF 

AC2-4, AC6-11 -> FUR 
Execute Operation 
1 -> RF 

Execute Long Vector Microprogrammed Instruction (EXL) 

Octal Code: 6067 

Event Time: 1, 2, 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Operation: Execute long vector with bit positions the same as in EXC (6066g). 

Long vector is inhibited by bit 4. (Operation requires 4.05 ms.) 

Symbol: -> RF 

AC2-4, AC6-11 -^ FUR 

Execute Long Vector Operation 

1 ^^ RF 
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Skip if Ready Flag is High (SRF) 

Octal Code: 6071 
Event Time: 1 

indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 (is 

Operation: Used to determine when the controller is ready to perform the 
next execute instruction. The RF produces an interrupt condition when set. 
The RF can be set by pressing the erase pushbutton on the VTOl unit. Nor- 
mally, however, the state of this flag is determined by the controller. This flag 
is initially cleared when the computer is started and prior to an LDX, LDY, or 
EXC instruction. 
Symbol: If RF = 1, PC + 1 ->► PC 



Clear Ready Flag (CRF) 

Octal Code: 6072 

Event Time: 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 iis 

Operation: This instruction clears the RF after a skip instruction has been 

acknowledged. 

Symbol: -^ RF 



Skip If D/A is Greater than Analog Comparison Signal (SDA) 

Octal Code: 6073 
Event Time: 1, 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time; 4.25 /is 

Operation: Used in the successive approximation subroutine to determine the 
digital equivalent of the selected analog holding register. This instruction is 
used with the SAC (60628) instruction. When the voltage in the' analog com- 
parator is greater than the selected value (the value in the register), ANF = 1. 
When ANF = 1, the next instruction is skipped. 
Symbol: If ANF = 1, PC -1- 1 ^- PC 



Load D/A (LDA) 

Octal Code: 6074 
Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 iis \ 

Operation: This instruction is used to load the content of AC2-H into the 
analog, comparator (ANC) and is used with SDA (60738) in the successive 
approximation subroutine to determine the digital value of the content of the 
selected analog holding register. This instruction does not change flag states. 
Symbol: AC2-11 -> DAC 
DAC -^ ANC 
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SAMPLE PROGRAM 



SNC 
CCF 
SAC 



SKIP IF INTERRUPT FLAG IS LOW 
CLEAR INTERRUPT FLAG 
SELECT ANALOG COMPARATOR: 



FUNCTION 



AC Bn 




2 


3 


6 

















1 


1 








1 





1 


1 


1 






1 1 



.J^EAD X INTEGRATOR 
READ Y INTEGRATOR 
READ X SAMPLE/HOLD 
READ Y SAMPLE/HOLD 
DISPLAY CURSOR AND READ 

X CURSOR SIGNAL 
DISPLAY CURSOR AND READ 

Y CURSOR SIGNAL 



LDF 



/LOAD AND SELECT FORMAT, CLEAR VECTOR CONTINUE: 





AC 


BIT 




PATHS CLOSED 


2 


3 


FORMAT 


VM 








VECTOR MODE, RELATIVE 
INPUT 


VM, AB 





1 


VECTOR MODE, ABSOLUTE 
INPUT 


PM 


1 





POINT MODE 


CUR, AB 


1 


1 


DISPLAY CURSOR 



NOTE: SAC and LDF do not 
affect flag status 



LDX 



LOAD THE CONTENTS OF THE ACCUMULATOR INTO THE X 
SAMPLE AND HOLD, CLEAR READY FLAG AND RAISE WHEN X 
IS LOADED (APPROX 120 /is) 



LDY 


SAME A 


S 6064 EXCEPT THE Y SAM 


PLE AND HOLD IS LOADE 


EXC 


EXECUTE MICROPROGRAMMED INSTRUCTIONS: 




BIT 


FUNCTION WHEN SET - 


- NOT SET 




2 


See under 6063 






3 


See under 6063 






4 


Set execution to 


Normal stored mode 






short vector 


with speed set by 






speed. 


bit 6 




5 


Spare 






6 


Execute long 


Execute short 






vector unless 


vector. 






inhibited by 








bit 4. 






7 


Set vector con- 


Vector continue dis- 






tinue when flag 


abled. Can also be 






is raised. 


disabled using 6062 
or 6063. 




8 


Execute circle 


Execute linear 






vector when en- 


vector when en- 






abled by bit 2. 


abled by bit 2. 
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BIT FUNCTION WHEN SET — NOT SET 



9 


Erase the scope. 


No action 


10 


Reset inte- 
grators and 
sample/holds. 


No effect 


11 


Intensify vector 


Blank vector 



The ready flag is cleared and will go high at the end of 30 /is for 
point plot, 250 fis for short vector, and 4 ms for long vector. 
The flag will also go high after 30 fis in vector continue, signaling 
the start of the vector. 

Any logical combination of bits may be grouped together to form 
an execute command. 

EXL SAME AS 6066 EXCEPT THAT A LONG VECTOR WILL BE EX- 

ECUTED (UNLESS INHIBITED BY BIT 4) REGARDLESS OF THE 
STATE OF BIT 6. 

SRF SKIP IF READY FLAG IS HIGH: 

CRF CLEAR READY FLAG 

SDA SKIP IF D/A IS GREATER THAN (SELECTED) ANALOG COMPARI- 

SON SIGNAL 

LDA LOAD D/A 



SECTION 7-6 MAGNETIC TAPE OPTIONS 

DECTAPE SYSTEM 

The DECtape system is a standard option for the PDP-8/1 [PDP-8/L] which 
serves as an auxiliary magnetic tape data storage facility. The DECtape system 
stores mformation at fixed positions on magnetic tape, as in magnetic disk or 
drum storage devices, rather than at unknown or variable positions as in 
conventional magnetic tape systems. This feature allows replacement of 
blocks of data on tape in a random fashion without disturbing other previously 
recorded information. In particular, during the writing of information on tape 
the system reads format (mark) and timing information from the tape and. 
uses this information to determine the exact position at which to record the 
mformation to be written. Similarly, in reading, the same mark and timing 
mformation is used to locate data to be played back from the tape. 
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The system has a number of features to improve its reiiabiiity and maKe it 
exceptionally useful for program updating and program editing applications. 
These features are: phase or polarity sensed recording on redundant tracks, 
bidirectional reading and writing, and a simple mechanical mechanism utilizing 
hydrodynamically lubricated tape guiding (the tape floats on air and does not 
touch any metal surfaces). 



DECtape Format 

DECtape utilizes a 10-track read/write head. Tracks are arranged in five non 
adjacent redundant channels: a timing channel, and three information chan- 
nels. Redundant recording of each character bit on non adjacent tracks ma- 
terially reduces bit drop outs and minimizes the effect of skew. The series- 
connection of corresponding track heads within a channel and the use of 
Manchester phase recording techniques, rather than amplitude sensing tech- 
niques, virtually eliminate drop outs. 

The timing and mark channels control the timing of operations within the 
control unit and establish the format of data contained on the information 
channels. The timing and mark channels are recorded prior to all normal data 
reading and writing on the information channels. The timing of operations 
performed by the tape drive and some control functions is determined by the 
information on the timing channel. Therefore, wide variations in the speed of 
tape motion do not affect system performance. Information read from the mark 
channel is used during reading and writing data to indicate the beginning and 
end of data blocks and to determine the functions performed by the system in 
each control mode. During normal data reading, the control assembles 12-bit 
computer-length words from four successive lines read from the information 
channels of the tape. During normal data writing, the control disassembles 
12-bit words and distributes the bits so they are recorded on four successive 
lines on the information channels. A mark-channel error-check circuit assures 
that one of the permissible marks is read in every six lines on the tape. This 
6-line mark-channel sensing requires that data be recorded in 12-line segments 
(12 being the lowest common multiple of 6-line marks and 4-line data words) 
which correspond to three 12bit words. 

A tape contains a series of data blocks that can be of any length which is a 
multiple of three 12-bit words. Block length is determined by information on 
the mark channel. Usually a uniform block length is established over the entire 
length of a reel of tape by a program w/hich writes mark and timing information 
at specific locations. The ability to write variable-length blocks is useful for 
certain data formats. For example, small blocks containing index or tag infor- 
mation can be alternated with large blocks of data. (Software supplied with 
DECtape allows writing for fixed block lengths only.) 

Between the blocks of data are areas called interblock zones. The interblock 
zones consist of 30 lines on tape before and after a block of data. Each of 
these 30 lines is divided into five 6-line control words. These 6-line control 
words allow compatibility between DECtape written on any of DEC's 12, 18-, 
or 36-bit computers. As used on the PDP-8/1, [PDP-8/L] only the last four lines 
of each control word are used. 
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Block numbers normally occur in sequence from 1 to n. There is one block 
numbered and one block n + 1. Programs are entered with a statement of 
the first block number to be used and the total number of blocks to be read or 
written. The total length of the tape is equivalent to 849,036 lines which can 
be divided into any number of blocks up to 4096 by prerecording of the mark 
track. The maximum number of blocks is determined by the following equation 
in which nb equals number of blocks and n* equaJs number of words per block 
(nw must be divisible by 3). 

212112 „ 

nw + la. 

DECtape format is illustrated in Figures 7-3 through 7-6. 



DECTAPE TRANSPORT (TYPE TU55) AND 
DECTAPE CONTROL (TYPE TCOl) 

A DECtape system configuration contains up to eight TU55-transports operated 
from one TCOl control. All data transfers occur between the computer and the 
control and are effected by the three-cycle data break facility. A 12-bit data 
buffer in the control synchronizes transfers between the TCOl and the PDP-8/1 
data break facility. [When the TCOl control is used with the PDP-8/L computer, 
the following interfacing units are required: the KD8/L data break facility, and 
the DW08-A I/O conversion panel.] Data read from four consecutive lines 
on tape by the transport are assembled into 12-bit words by a read/write 
buffer in the tape control. Data read from the computer is disassembled by 
the read/write buffer and is supplied to the transport for writing on four lines 
of tape. Transfer of command and control signals between the computer and 
the control is effected by normal IDT instructions. Small registers and control 
flip-flops in the TCOl are joined to serve as two status registers for the transfer 
of command and control information with the PDP-8/1 [PDP-8/L] accumulator. 
Bit assignments of these registers are indicated in Figure 7-7 and Figure 7-8. 
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DECtape Transport (Type Tli55) 

The TU55 is a bidirectional magnetic-tape transport consisting of a read/write 
head for recording and playback of information on five tape channels. 

Connections from the read/write head are made directly to the external con- 
trol, which contains the read and write amplifiers. 

The logic circuits of the TU55 control tape movement in either direction over 
the read/write head. Tape drive motor control is exercised completely through 
the use of solid state switching circuits to provide fast reliable operation. 
These switching circuits contain silicon controlled rectifiers which are con- 
trolled by normal DEC logic circuits. These circuits control the torque of the 
two motors which transport the tape across the head according to the estab- 
lished function of the device; i.e., go, stop, forward, or reverse. In normal tape 
movement, full torque is applied to the forward or leading motor and a 
reduced torque is applied to the reverse or trailing motor to keep proper tension 
on the tape. Since tape motion is bidirectional, each motor serves as either 
the leading or trailing drive for the tape, depending upon the forward or 
reverse control status of the TU55. A positive stop is achieved by an electro- 
magnetic brake mounted on each motor shaft. When a stop command is given, 
the trailing motor brake latches to stop tape motion. Enough torque is then 
applied to the leading motor to take up slack in the tape. 

Tape movement can be controlled by commands originating in the computer 
or by manual operation of rocker switches on the front panel of the transport. 
Manual control is used to mount new reels of tape on the transport, or as a 
quick maintenance check for proper operation of the control logic in moving 
the tape. 

Since DECtape is a fixed address system, the programmer need not know 
accurately where the tape has stopped. To locate a specific point on tape he 
must only start the tape motion in the search mode. The address of the block 
currently passing over the head will be automatically transferred to core 
where it can be compared with the desired block address and tape motion 
continued or reversed accordingly. TU55 typical time characteristics are 
provided below, but are not accurately controlled. 

Start Time 200 ms* 

Stop Time 200 ms* 

Turn Around Time 275 ms* 

*A!so, see control specifications. These times are frequently lengthened by the particular 
control. 

DECTAPE CONTROLS 

Type TCOl Control 

The TCOl DECtape Control operates up to eight TU55 DECtape Transports. 
Binary information is transferred between the tape and the computer in 12-bit 
computer words approximately every 133-1/3 ns. In writing, the control dis- 
assembles 12-bit computer words so that they are written at four successive 
lines on tape. Data transfers between the computer and the control always 
occur in parallel for a 12-bit word and require the use of the three-cycle data 
break facility. As the start and end of each block of data are detected by the 
mark track detection circuits, the control raises a DECtape control flag (DTCF) 
which requests a computer program interrupt. The program interrupt is used 
by the computer program to determine the block number. When it determines 
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that the forthcoming block is the one selected for a data transfer it establishes 
the appropriate read or write function. Each time a word is assembled or the 
DECtape system is ready to receive a word from the computer, the control 
raises a data flag (DF). This flag is connected to the computer data break 
facility to request a data break. Therefore, when each 12-bit computer word is 
assembled, the data flag causes a transfer via the three-cycle data break 
facility. By using the mark channel decoding circuits and the data break in this 
manner, computation in the main computer program can continue during 
DECtape operations. 

Four program flags in the control serve as condition indicators and request 
originators. 

a. DECtape Flag (DT): This flag indicates the active/done status of the 
current function. 

b. Data Flag (DF): This flag requests a data break to transfer a block 
number into the computer during a search function, or when a data word 
transfer is required during a read or write function. 

c. DECtape Control Flag (DTCF): This flag, when enabled by a binary 1 in 
bit 9 of status register A, requests a program interrupt if either the DECtape 
flag or the error flag is set and is connected to the instruction skip facility. 

d. Error Flag (EF): Detection of any nonoperative condition by the control 
sets this flag in status register B and stops (except for parity errors) the 
selected transport. The error conditions indicated by this flag are: 

(1) Mark Track" Error: This error occurs any time the information read 
from the mark channel is erroneously decoded. 

(2) End of Tape: The end zone on either end of the tape is over the read 
head. 

(3) Select Error: This error occurs five /xs after loading status register A 
to indicate any one of the following conditions: 

(a) Specifying a unit select code which does not correspond to any 
transport select number, or which is set to multiple transports. 

(b) Specifying a write function with the WRITE ENABLED/WRITE LOCK 
switch in the WRITE LOCK position on the selected transport. 

(c) Specifying an unused function code (i.e., AC6-8 = 111). 

(d) Specifying any function except read all with the NORMAL/WRTM/ 
RDMK switch in the RDMK position. (The read allfunction is used to 
read tape in an unusal format.) 

(e) Specifying any function except write timing and mark track with 
the NORMAL/WRTM/RDMK switch in the WRTM position. 

(f) Specifying the write timing and mark track function with the 
NORMAL/WRTM/RDMK switch in a position other than WRTM. 

(4) Parity Error: This error occurs during a read data function if the 
longitudinal parity over the entire data word, the reverse check character, 
and the checks character is not equal to 1. 

(5) Timing Error: This error indicates a program fault caused by one of 
the following conditions:. 

(a) A data break did not occur within 66 ^us (±30%) of the data break 
request. 

(b) The DT flag was not cleared by the program before the control 
attempt to set it. 
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(c) The read data or write data function was specified while a data 
block was passing the read head. 

Type TC08 Control 

The TC08 control unit is very much like the TCOl control unit. This unit buffers 
and controls information transfers between from one to eight TU55 DECtape 
I iqiiohuilS aiiu iiicrUr-b/i LrDP-o/ uj computer, variaitons OT tne I uuo control 
unit allow it to be connected directly onto either a PDP-8/1 or PDP-8/L (nega- 
tive and positive bus, respectively) computen 

During both input and output operations, the TC08 receives data and control 
information from the processor and generates the appropriate signals to the 
selected transport to execute the programmed commands. Binary information 
is transferred between the tape transport and the computer as one 12-bit 
word every 133-1/3 fis. When writing, the TC08 disassembles the 12-bit word 
into four successive 3-bit words to be written on tape. During read operations, 
the TC08 assembles the four successive 3-bit words into a single 12-bit word 
for transfer to the computer. Transfers between the computer and the control 
always occur in parallel for a 12-bit word. Data transfers use the 3-cycle data 
break (high-speed channel) facility of the computer. 



Instructions for TCOl and TC08 Controls — Instructions for a TC01/TU55- 
TC08/TU55 system are microprogrammed commands of the PDP-S/I [PDP-8/L] 
lOT instruction and are defined as follows: 

Read Status Register A (DTRA) 

Octal Code: 6761 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /zs 

Operation: The content of status register A is transferred into the accumulator 

by an OR transfer. 

uieared before the transfer. The AC bit assignments are: 

ACO-2 = Transport unit select number 

AC3(0) = Forward 

AC3(1) = Reverse 

AC4(0) = Stop 

AC4(1) = Go 

AC5(0) = Normal mode 

AC5(1) = Continuous mode 

AC6-8 = = Move function 

AC6-8 = 1 = Search function 

AC6-8 = 2 = Read data function 

AC6-8 = 3 = Read all function 

AC6-8 = 4 = Write data function 

AC6-8 = 5 = Write all function 

AC6-8 = 6 = Write timing and mark tracks function 

AC6-8 = 7 = Unused (causes a select error if issued) 

AC9(0) = DECtape Control Flag (DTCF) and error flag disabled from 

causing a program interrupt 
AC9(1) = DECtape Control Flag (DTCF) and error flag enabled to cause a 

program interrupt 
Symbol: ACO-9 V Status Register A -> ACO-9 
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Clear Status Register A (DCTA) 

Octal Code: 6762 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: Status register is cleared. The DECtape flag and error flags are 

undisturbed. 

Symbol: ->- Status Register A 



Load Status Register A (DTXA) 
Octal Code: 6764 
Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 (iS 

Operation: The exclusive OR of the content of bits through 9 of the accumu- 
lator is loaded into status register A, and bits 10 and 11 of the accumulator 
are sampled to control clearing of the error and DECtape flags, respectively. 
Loading status register A from ACO-9 establishes the transport unit select 
code, motion control, function, and enables or disables the DECtape control 
flag to request a program interrupt as described in the DTRA instruction. The 
sampling of ACIO and ACl 1 is as follows: 

ACIO(O) = Clear all error flags 

AClO(l) = All error flags undisturbed 

ACl 1(0) = Clear DECtape flag 

ACl 1(1) = DECtape flag undisturbed 
The accumulator is cleared at the end of this instruction. 
Symbol: ACO-9 V Status Register A -^ Status Register A 
If ACIO = 0, then -> Error Flag 
If ACl 1 = 0, then -^ DT Flag 
0-^ AC 



Skip on Flags (DTSF) 

Octal Code: 6771 
Event Time: 1 

Indicators: lot. Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 ^s 

Operation: The content of both the error flag and the DECtape flag are sampled, 
and if any flag contains a binary 1, the content of the program counter is in- 
cremented by one to skip the next sequential instruction. 
Symbol: If EF Flag = 1 V DT Flag = 1, then PC -f 1 ->► PC 



Read Status Register B (DTRB) 

Octal Code: 6772 

Event Time: 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 
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Execution Time: 4.25 as 

Operation: The content of status register B is transferred into tiie accumulator 
by an OR transfer. The AC is not cleared before the transfer. The AC bit 
assignments are: 

ACO = Error Flag (flag — mark track error -V- end of tape ^ select 

>,iiwi • pciiiLjf fciiui V Liming eiiui} 

ACl = Mark track error 
AC2 = End of tape 
ACS - = Select error 
AC4 = Parity error 
ACS = Timing error 
AC6-8 = Memory field 
AC9-10 = Unused 
ACll = DECtape flag 
Symbol: AC V Status Register B -> AC 

Load Status Register B (DTLB) 

Octal Code: 6774 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ns 

Operation: The memory field register portion of status register B is loaded 

from the content of bits 6 through 8 of the accumulator. The accumulator is 

then cleared. 

Symbol: AC6-8 ->- Memory Field, then -> AC 

Three cycle data break locations: The TCOl uses location 7754 of field for 
word count and 7755 of field for current address. 

Control Modes — The DECtape system operates in either the normal or con- 
tinuous mode, as determined by bit 5 of status register A during a DTXA 
command. Operation in eaqh mode is as follows: 

a. Normal (NM): Data transfers and flag settings are controlled by the 
format of information on the tape. 

b. Continuous (CM): Data transfers and flag settings are controlled b" a 
word count read from core memory during the first cycle of each three- 
cycle data break, and by tape format. 

Functions — The DECtape system performs one of seven functions, as deter- 
mined by the octal digit loaded into status register A during a DTXA command. 
These functions are: 

a. Move: Initiates movement of the selected transport tape in either direc- 
tion. Mark channel decoding is inhibited in this mode except for end of tape. 

b. Search: As the tape is moved in either direction, sensing of a block mark 
causes a data transfer of the block number. If the word count overflows in 
either NM or CM, the DT flag is set and causes a program interrupt. After 
finding the first block number, the CM can be used to avoid all intermediate 
interrupts between the current and the desired block number. This makes a 
virtually automatic search possible. 

c. Read Data: This function is used to transfer blocks of data into core 
memory with the transfer controlled by the tape format. In NM, the DT 
flag is set at the end of a block and causes a program interrupt. In CM, 
transfers stop when the word count overflows, the remainder of the block 
is read for parity checking, and then the DT flag is set. 
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d. Read All: Read all is used to read tape in an unusual format, since it 
causes all lines to be read. In NM the DT flag is set at each data transfer. 
In CM the DT flag is set when WCO occurs. In either case the DT flag causes 
a program interrupt. 

e. Write Data: This function is used to write blocks of data vvith the transfer 
controlled by the standard tape format. After word count overflow occurs, 
zeros are written in all lines of the tape to the end of the current block. Then 
the parity checksum for the block is written. The DT flag rises as in the read 
funclfon. 

f. Write All: The write all function is used to write an unusual tape format 
(e.g., block numbers). The DT flag raisings are similar to the read all 
function. 

g. Write Timing and Mark Track: This function is used to write on the tim- 
ing and mark tracks permitting blocks to be established or block lengths to 
be changed. The DT flag raisings are also similar to the read all function. 
This function is illegal unless a manual switch in the control is positioned on. 

Programmed Operation — Prerecording of a reel of DECtape, prior to its use 
for data storage, is accomplished in two passes. During the first pass, the 
timing and mark channels are placed on the tape. During the second pass, 
forward and reverse block mark numbers, the standard data pattern, and the 
automatic parity checks are written. These functions are performed by the 
DECTOG program. Prerecording utilizes the write timing and mark channel 
function and a manual switch on the control, which permits writing on the 
timing and mark channels, activates a clock which produces the timing channel 
recording pattern, and enables flags for program control. Unless both this 
control function and switch are used |imultaneously, it is physically impossible 
to write on the mark or timing channels. A red indicator lamp on the control 
panel lights when the manual NORMAL/WRTM/RDMK switch is in the WRTM 
position. Under these conditions only, the write register and write amplifier, 
used to write on information channel 1 (bits 0, 3, 6, and 9), are used to write 
on the mark channel. This prerecording operation need only be performed 
once for each reel of DECtape. 

There are two registers in the TCOl DECtape Control that govern tape opera- 
tion and provide status information to the operating program. Status register A 
(see Figure 7-7) contains three unit selection bits, two motion bits, the con- 
tinuous mode/normal mode bit, three function bits, and three bits that control 
the flags Status register B (see Figure 7-8) contains the three memory field 
bits and the error status bits. PDP-8/1 [PDP-8/L] lOT microinstructions are 
used to clear, read, and load these registers. In addition, there is an lOT skip 
instruction to test control status. 

Since all data transfers between DECtape and the computer memory are con- 
trolled by the data break facility, the program must set the WC and CA registers 
(locations 7754 and 7755, respectively) before a data break. After initiating a 
DECtape operation, the program should always check for error conditions 
(a program interrupt would be initiated if the error flag is enabled and if the 
program interrupt system is enabled). The DECtape system should be started 
in the search function fo locate the block number selected for transfer and 
then, when the correct block is found, the transfer is accomplished by pro- 
grammed setting of the WC, CA, and status register A. 

When searching, the DECtape control reads block numbers only. These are 
used by the operating program to locate the correct block number. In NM, the 
DECtape flag is raised at each block number. In CM, the DECtape flag is 
raised only after the word count reaches zero. The current address is not 
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incremented during searrhing and ^^q ^^lo'^k mirriKoK le -^1;,^'-'^ :- ^--- r«o'- 

at the location specified by the content of the CA. Data is transferred to or 
from the computer core memory from locatiofts specified by the CA register; 
which IS incremented by one before edch transfer. 
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REVERSE 



NORMAL 

CONTINUOUS 

MODE 



MOTION 



ENABLE DECTAPE 

CONTROL 

FLAG TO CAUSE 

A PROGRAM 

INTERRUPT 




10 11 



CLEAR/ CLEAR 
DECTAPE FLAGS 



STOP 
GO 



FUNCTION 



= 

1 



sCLEAR/CLEAR 
^ERROR FLAGS 



= M0VE 
'SEARCH 
2= READ DATA 
3= READ ALL 
4 = WRITE DATA 



5 = WRITE ALL 

6 = WRITE TIMING 

AND MARK TRACKS 
7=UNUSED(CAUSES 
SELECT ERROR) 



Figure 7-7 DECtape Status Register A-Bit Assignments 
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Figure 7-8 DECtape Status Register B-Bit Assignments 



Each time the DECtape system is ready to transfer a 12-bit word, and when 
the start of the data position of the block is detected, the data flag is raised 
to initiate a data break request to the data break facility. Therefore, the main 
computer program continues running, but is interrupted approximately every 
1331/3 ^s for a data break to transfer a word. Transfers occur between 
DECtape and successive core memory locations specified by the CA. The 
initial transfer address minus one is stored in the CA by an initializing routine. 
The number of words transferred is determined by tape format in NM, or by 
tape format and the word count in CM. At the conclusion of the data transfer, 
the DT flag is raised and'a program interrupt occurs. The interrupt subroutine 
checks the DECtape error bits to determine the validity of the transfer and 
either initiates a search for the next information to be transferred or returns 
to the main program. 

During all normal writing transfers, a check character (the 6-bit logical equiva- 
lence of the words in the data block) is computed automatically by the control 
and IS recorded automatically as one of the control words immediately follow- 
ing the data portion of the block. This same character is used during reading to 
determine that the data playback and recognition take place without error 
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Any one of the eight tape transports may be selected for use by the program. 
After using a particular transport, the program can stop the transport currently 
being used and select another transport, or can select another transport while 
permitting the original selection to continue running. This is a particularly 
useful feature when rapid searching is desired, since several transports may 
be used simultaneously. Caution must be exercised however, for although the 
original transport continues to run, no tape-end detection or other sensing 
takes place. Automatic tape-end sensing that stops tape motion occurs in all 
functions, but only in the selected tape transport. 

The following is a list of timing considerations for programmed operations, 
(ns = the number of block numbers to be read in the search function and CM, 
counting through the one causing the word count overflow. Only the block 
number causing the word count overflow requests a program interrupt nd = 
number of words transferred ^ the number of words per block. If the remainder 
7^ 0, use the next larger whole number. nA = number of words transferred.) 



Operation 



Timing 



Answer a data break request 
Word transfer rate 
Block transfer rate 
Start time 
Stop time 
Turn around time 
Change function from search 
to read data for the current 
block after DT flag from 
block number 
Change function from search 
to write data for current 
block after DT flag from 
block number 
Change function from read data 
to search for the next block 
after DT flag from transfer 
completion. 
Change function from write data 
to search for next block 
after DT flag from transfer 
completion 
DECtape flag rises in continuous 
mode 

Move function 
Search function 
Read data functioh 
Read all function 
Write data function 
Write all function 
Writ€ T & M function 
In normal mode 
Move function 
Search function 
Read data function 



Up to 66 /xs ±30% 

One 12-bit word every 133 fiS ±30% 

One 129-word block every 18.2 ms ±30% 

375* ms ±20% 

375* ms ±20% 

375* ms ±20% 

400 lis ±30% 



400 lis ±30% 



1000 (ts ±30%, 



1000 lis ±30%, 



Never 

(ns) X (18.2 ms 
(no) X (18.2 ms 
(nA) X (133 fis d 
(no) X (18.2 ms 
(nA) X (133 {iS d 
(nA) X (133 lis d 



±30%) 
±30%) 
:30%) 
±30%) 
:30%) 
:30%) 



Never 

Every 18.2 ms ±30% 

Every 18.2 ms ±30% 



''These times are typical, but are not accurately controlled. 
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Read all function Every 133 /is ±30% 

Write data function Every 18.2 ms ±30% 

Write all function Every 133 ^s ±30% 

Write T & M function Every 133 fis ±30% 

Software — Four types of programs have been developed as DECtape software 
for the PDP-8/1 [PDP-B/L] 

a. Subroutines which the programmer may easily incorporate into a pro- 
gram for data storage, logging, data acquisition, data buffering (queuing), 
etc. 

b. A library calling system for storing named programs on DECtape and a 
means of calling them with a minimal size loader. 

c. System software which provides for storing, assembling and editing of 
programs on DECtape, thereby greatly increasing the versatility and flexi- 
bility of the PDP-8/1 [PDP-8/L]. 

d. Programs for Preformatting tapes controlled by the content of the switch 
register to write the timing and mark channels, to write block formats, to 
exercise the tape and check for errors, and to provide ease of maintenance. 

Program development has resulted in a series of subroutines which read or 
write any number of DECtape blocks, read any number of 129-word blocks as 
128 words (one memory page), or search for any block (used by read and 
write, or to position the tape). These programs are assembled with the user's 
program and are called by a JMS instruction. The program interrupt is used 
to detect the setting of the DECtape flag, thus allowing the main program to 
proceed while the DECtape operation is being completed. A program flag is 
set when the operation has been completed. Thus, the program effectively 
allows concurrent operation of several input/output devices along with opera-, 
tion of the DECtape system. These programs occupy two memory pages 
(4008 = 256 10 words). 

The library system has the following features: First, the computer state re- 
mains unchanged when it exits. Second, the library calls programs by name 
from the keyboard and allows for expansion of the program file stored on the 
tape. Finally, the library conforms to existing system conventions, namely, 
that all of memory except for the last memory page (76008-77778) is avail- 
able to the programmer. The PDP-8/1 [PDP-8/L] DECtape library system is 
loaded by a 17io-instruction bootstrap routine that starts at address 76008- 
This loader calls a larger program into the last memory page, whose function 
is to preserve on the tape the content of memory from 60008 through 75778, 
and then Ipad the INDEX program and the directory into those same locations. 
Since the information in this area of memoiy has been preserved, it can be 
restored when operations have been completed. The basic system tape con- 
tains the following programs: 

a. INDEX: Typing this word causes the names of all programs currently 
on file to be typed out. 

b. UPDATE: Allows the user to add a new program to the files. UPDATE 
queries the operator about the program's name, its starting address, and 
its location in core memory. 

c. GETSYS: Generates a skeleton library tape on a specified DECtape unit. 

d. DELETE: Causes a named file to be deleted from the tape. 

Starting with the basic library tape, the user can build a complete file of his 
active programs and continuously update it. One of the uses of the library 
tape may be illustrated as follows: 
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The programmer may call the PDP-8/1 [PDP-8/L] FORTRAN compiler from 
the library tape and with it compile the program, obtaining the object program. 
The FORTRAN operating system may then be called from the library tape and 
used to load the object program. At this time the library program UPDATE is 
called, the operator defines a new program file (consisting of the FORTRAN 
operating system and the object program), and adds it to the library tape. As 
a resHit, the entire operating program and the object program are now avail;;^ 
able on the DECtape library tape. 

The DECtape system software is permanently stored on DECtape, from which 
it can be rapidly loaded. Any systems programs such as the assemblers 
(XPAL and XMACRO), the Symbolic Editor (XEDIT), or the Binary Loader 
(XLOAD) can be loaded in less than one minute. 

The system software uses a standard DECtape format. There are 128 (2008) 
words per block and 1464 (27018) blocks, so the user has the remaining 1336 
blocks for rapid access storage of his own programs. 

The primary advantages for users are: 

a. Efficient use of high-speed transfer rates between DECtape and core 
memory. 

b. Symbolic programs may now be stored, edited, and ^assembled on 
DECtape, greatly increasing the versatility and flexibility of the PDP-8/1 
[PDP-8/L]. 

c. The computational workload can be more than doubled, compared to 
high-speed paper tape systems. 

User's programs are written exactly as before for assembly by the PAL or 
MACRO-8 Assemblers. Using the Symbolic Editor, source programs are typed 
directly onto DECtape. After assembly, fast symbolic debugging can be done 
with DDT-8 — after loading the program symbol table into DDT with the 
symbolic loader, XSYM. 

The Binary Loader (XLOAD) can load the assembled binary program directly 
from the DECtape for program execution. Source files, symbol tables, and 
program listings can be stored on DECtape and listed later, if desired. A 
duplicating program, XDUP, is available for copying programs. 

This DECtape system also -includes system calls to load any program from 
DECtape, to update or delete source files, and to restore the system for use 
by another programmer. 

Although the system operates with one DECtape, a two DECtape configuration 
is strongly recommended as it will permit duplication of programs and saving 
of back-up master tapes. In a single DECtape system, if the system library 
is accidentally destroyed, the stored data cannot be replaced immediately 
because there is no means of recovery. ** 

The last group of programs, called DECTOG, is a collection of short routines 
controlled by the content of the switch register, it provides for the recording 
of timing and mark channels and permits block formats to be recorded for 
any block length. Patterns may be written in these blocks and then read and 
checked. Writing and reading is done in both directions and checked. Specified 
areas of tape may be "rocked" for specified periods of time. A given reel of 
tape may thus be thoroughly checked before it is used for data storage. 
These programs may also be used for maintenance and checkout purposes. 
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AUTOMATIC MAGNETIC TAPE CONTROL, TYPE TC58 

Functional Description 

The TC58 will control the operation of a maximum of eight digital magnetic 
tape transports, Types TU20C and TU20D. The TC58 interfaces to and uses 
the PDP-8/1 3-cycle data break facility (via the DM01 or DM04, if more than 
one device using the data break facility is part of the system), for data transfer 
directly between system core memory and magnetic tape. [When the TC58 con- 
trol is used with the PDP-8/L computer, the following interfacing units are re- 
quired: the KD8/L Data Break Facility and the DW08-A I/O Conversion Panel.] 
The tape transports offer industry-compatibility (or IBM-compatibility) in both 
7- and 9-channeI tape transport models with the following characteristics: 



Transport 


Tape Speed 


Densities 




(ips) 


(bpi) 


TU20D (7-channel) 
TU20C (9-channel) 


45 
45 


200/556/800 
800 



Transfers are governed by the in-memory WC and CA register associated with 
the assigned data channel (memory locations 77528 and 77538). Since the CA 
is incremented before each data transfer, its initial contents should be set to 
the desired initial address minus one. The WC is also incremented before each 
transfer and must be set to the two's complement of the desired number 
of data words to be transferred. In this way, the word transfer which causes the 
word count to overflow (WC becomes zero) is the last transfer to take place. 
The number of lOT instructions required for the TC58 is minimized by trans- 
ferring all necessary control data (i.e., unit number, function, mode, direction, 
etc.) from the PDP-8/1 [PDP-8/L] AC to the control using lOT instructions. 
Similarly, all status information (i.e., status bits, error flags, etc.) can be read 
into the AC from the control unit by lOT instructions. 

During normal data reading, the control assembles 12-b]t computer words from 
successive frames read from the information channels of the tape. During 
normal data writing, the control disassembles 12-bit words and distributes the 
bits so they are recorded on successive frames of the information channels. 

instructions 

The commands for the magnetic tape control system are as follows: 

Skip on Error Flag or Magnetic Tape Flag (MTSF) 

Octal Code: 6701 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /is 

Operation: The status of the error flag (EF) and the magnetic tape flag (MTF) 

are sampled. If either or both are set to 1, the content of the PC is incremented 

by one to skip the next sequential instruction. 

Symbol: If MTF or EF = 1, PC -1- 1 ^- PC 

Skip on Tape Control Ready (MTCR) 

Octal Code: 6711 • 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 fis 

Operation: If the tape control is ready to receive a command, the PC is in- 
cremented by one to skip the next sequential instruction. 
Symbol: If Tape Control Ready, PC + 1 ->- PC 
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Skip on Tape Transport Ready (MTTR) 

Octal Code: 6721 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: The next sequential instruction is skipped if the selected tape 

transport is ready. 

Symbol: If tape unit ready, PC + 1 ^^ PC 

Clear Registers, Error. Flag and Magnetic Tape Flag (MTAF) 

Octal Code: 6712 
Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 fis 

Operation:- Clears the status and command registers, and the EF and MTF if 
tape control is ready. If tape control is not ready, dears- MTF and EF flags 
only. 

Symbol: If tape control is ready, ->- MTF, ->' EF, ->■ command register 
If tape control is not ready, ->- MTF, ->• EF 

Inclusive OR Contents of Command Register (WTRC) 

Octal Code: 6724 

Event Time: 3 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: Inclusively OR the contents of the command register into AC041.- 

Symbol: AC V command register ->■ AC 

Inclusive OR Contents of Accumulator (MTCM) 

Octal Code: 6714 
Event Time: 3 

Indicators: lot. Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 ^s 

Operation: Inclusively OR the contents of AC0-5,.AC9-H' into the command 
register; jam transfer AC6-S (command function). 
Symbol: AC05, AC9-11 V command register -> command register 
AC6-8 ->• command register bits 6-8 

Load Command Register (MTLC) 

Octal Code: 6716 " 

Event Time: 2, 3 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 iis 

Operation: Load the contents of ACO-11 into the command register 

Symbol: ACO-11 ->" command register - 

Inclusive OR Contents of Status Register (None) 

Octal Code 6704 

Event Time: 3 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /xs ' . 

Operation: Inclusively OR the contents of the status register intoACO-ll. 

Symbol: Status Register VAC -> ACO-11 

Read Status Register (MTRS) 

Octal Code: 6706 
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Event Time: 2, 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /iS 

Operation: Read the contents of the status register into ACO-11. 

Symbol: Status Register ->- ACQ-l 1 

Mag Tape "GO" (MTGO) 

Octal Code: 6722 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 jus 

Operation: Set "GO" bit to execute command in the command register if 

command is legal. 

Symbol: None 

Clear the AC (None) 

Octal Code: 6702 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^l.% 

Operation: Clear the accumulator. 

Symbol: -> AC 

Although any number of tapes may be simultaneously rewinding, data transfer 
may take place to or from only one transport at any given time. In this context, 
data transfer includes these functions: read or write data, write EOF (end-of- 
file), read/compare, and space. When any of these functions are in process, 
the tape control is in the not-ready condition. A transport is said to be not 
ready when the tape is in motion, when transport power is off, or when it is 
off-line. 

Data transmission may take place in either parity mode; add for binary, even 
for BCD. When reading a record in which the number of characters is not a 
multiple of the number of characters per word, the final characters come into 
memory left-justified. 

Ten bits in the magnetic tape status register retain error and tape status 
information. Some error types are combinations, such as lateral and longi- 
tudinal parity errors (parity checks occur after both reading and writing of 
data), or have a combined meaning, such as illegal command, to allow for the 
maximum use of the available bits. 

The magnetic tape status register reflects the state of the currently selected 
tape unit. Interrupts may occur only for the selected unit. Therefore, other 
units which may be rewinding, for example, will not interrupt when done. 

Magnetic Tape Functions 

For all functions listed below, upon completion of the data operation (after the 
end-of-record character passes the read head), the MTF (magnetic tape flag) 
is set, an interrupt occurs (if enabled), and errors are checked. 

No Operation — NO OP command defines no function in the command register. 
A MTGO instruction with NO OP will cause an illegal command error (set EF). 

Space — There are two commands 'for spacing records, SPACE FORWARD 
and SPACE REVERSE. The number of records to be spaced (two's complement) 
is loaded into the WC. The CA need not be set. The MTF (magnetic tape flag) 
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is set, and an interrupt occurs at WC overflow, EOF (end of file), or EOT (end 
of tape), whichever occurs first. When issuing a space command, both the 
density and parity bits must be set to the density and parity in which the 
records where originally written. 

Load Point or Beginning of Tape (BOT) detection during a backspace termi- 
nates the function with the BOT bit set. If a SPACE REVERSE command is given 
when a transport is set at BOT, the command is ignored, the illegal command 
error and BOT bits are set, and an interrupt occurs. 

Read Data — Records may be read into memory only in the forward mode. 
Both CA and WC must be initialized CA, to the initial core address minus one; 
WC, to the two's complement of the number of words to be read. Both identify 
and parity bits must be set. 

If WC is set to less than the actual record length, only the desired number of 
words are transferred into memory. If WC is greater than or equal to the actual 
record length, the entire record is read into memory. In either case, both parity 
checks are performed, the MTF is set, and an interrupt occurs when the 
end-of-record (EOR) mark passes the read head. If either lateral or longitudinal 
parity errors or bad tape have been detected, or an incorrect record length 
error occurs (WC not equal to the number of words in the record), the ap- 
propriate status bits are set. An interrupt occurs only when the MTF is set. 

To continue reading without stopping tape motion, MTAF (clear MTF) and 
MTGO instructions must be executed. If the MTGO command is not given before 
the shut down delay terminates, the transport will stop. 

Write Data — Data may be written on magnetic tape in the forward direction 
only. For the WRITE DATA function, the CA and WC and density and parity 
bits must be initialized. WRITE DATA is controlled by the WC, such that when 
the WC overflows, data transfer stops, and the EOR character and IRQ (inter- 
record gap) are written. The MTF is set after the EOR has passed the read 
head. To continue writing, a MTGO command must be issued before the shut 
down delay terminates. If any errors occur, the EF will be set when the MTF 
is set. 

A special feature of this control is the write extended interrecord gap capability. 
This occurs on a write operation when command register bit 5 is set. The 
effect is to cause a 3-inch interrecord gap to be produced before the record is 
written. The bit is automatically cleared when the writing begins. This is very 
useful for creating a 3-inch gap of blank tape over areas where tape perfor- 
mance is marginal. 

Write EOF — The WRITE EOF command transfers a single character (ITs) 
record to magnetic tape and follows it with an EOR character. CA and WC are 
ignored for WRITE EOF. The density bits must be set, and the command register 
parity bit should be set to even (BCD) parity. If it is set to odd parity, the 
control will automatically change it to even. 

When the EOF marker is written, the MTF is set and an interrupt occurs. The 
tape transport stops, and the EOF status bit is set, confirming the writing of 
EOF. If odd parity is required after a WRITE EOF, it must be specifically 
requested through the MTLC command. 

Read/Compare — The READ/COMPARE function compares tape data with 
core memory data. It can be useful for searching and positioning a magnetic 
tape to a specific record, such as a label or leader, whose content is known in 
core memory, or to check a record just written. READ/COMPARE occurs in the 
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forward direction only; CA and WC must be set. !f there is a comparison failure, 
incrementing of the CA ceases, and the READ/COMPARE error bit is set in the 
status register. Tape motion continues to the end of the record; the MTF is 
then set and an interrupt occurs. If there has been a READ/COMPARE error, 
examination of the CA reveals the word that failed to compare. 
» 

Rewind — The high-speed REWIND command does not require setting of the 
CA or WC. Density and parity settings are also ignored. The REWIND command 
rewinds the tape to ioadpoint (BOT) and stops. Another unit may be selected 
after the command is issued and the rewind is in process. MTF is set, and an 
interrupt occurs (if the unit is selected) when the unit is ready to accept a new 
command. The selected unit's status can be read to determine or verify that 
REWIND is in progress. 

Continued Operation 

To continue operating in the same mode, the MTGO instruction is given before 
tape motion stops. The order of commands required for continued operation 
is as follows: 

a. MTCM, if the command is to be changed. 

b. MTAF, will only clear MTF and EF flags since tape control will be in a not 
ready state. 

c. MTGO, if MTCM requested an illegal condition, the EF will be set at this 
time. 

To change modes of operation, either in the same or opposite direction, the 
MTCM command is given to change the mode and an MTGO command is given 
to request the continued operation of the drive. If a change in direction is 
ordered, the transport will stop, pause, and automatically start up again. 

If the WRITE function is being performed, the only forward change in command 
that can be given is WRITE EOF. 

If no MTGO instruction is given, the transport will shut down in the inter-record 
gap. 

NOTE 



No flags will be set when the control becomes ready or 
the transport becomes ready, except if the REWIND com- 
mand is present in the command register and the selected 
drive reaches BOT and is ready for a new command. 

If a WRITE (odd parity) command is changed to WRITE EOF, the parity is 
automatically changed to even. 

NOTE 



Even parity will remain in the command register unless 
changed by a new command instruction, MTLC, which 
clears and loads the entire command register. 

Status or Error Conditions 

Twelve bits in the magnetic tape status register indicate status or error condi- 
tions. They are set by the control and cleared by the program. 
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The magnetic tape status register (STR) bits are: 

BIT- FUNCTION (WHEN SET) 






Error Flag (EF) 


1 


Tape rewinding 


2 


Beginning of tape (BOT) 


3 


Illegal command 


4 


Parity error (Lateral or Longitudinal) 


5 


End of file (EOF) 


6 


End of tape (EOT) 


7 


Read/compare error 


8 


Record length incorrect 




WC = (long) 




WC ^ (short) 


9 


Data request late 


10 


Bad tape 


11 


Magnetic tape flag (MTF) or job done 



*The register bits are equivalent in position to the AC bits (i.e., STR = AC 0, 
etc.). 

MTF (STRll) — The MTF flag is set under the following conditions: 

a. Whenever the tape control has completed an operation (after the EOR 
mark passes the read head). 

b. When the selected transport becomes ready following a normal REWIND 
function. 

These functions will also set the EF if any errors are present. 

EOF (STR5) — EOF is sensed and may be encountered for those functions 
which come under the heading of READ STATUS FUNCTION; i.e., SPACE, READ 
DATA, or READ/COMPARE and WRITE EOF. When EOF is encountered, the 
tape control sets EOF = 1. MTF is also set; hence, an interrupt* occurs and 
the EOF status bit may be checked. 

*AII references to interrupts assume the tape flags have been enables to the 
interrupt (command register bit 9=1) and that the unit is selected. 

EOT (STR6) and BOT (STR2) — EOT detection occurs during any forward 
command when the EOT reflective strip is sensed. When EOT is sensed, the 
EOT bit is set, but the function continues to completion. At this time the MTF 
is set (and EF is set), and an interrupt occurs. 

BOT detection status bit occurs only when the BOT reflective strip is read on 
the transport that is selected. 

When BOT detection occurs and the unit is in reverse, the function terminates. 
If a tape unit is at load point when a REVERSE command is given, an illegal 
command error bit is set causing an EF with BOT set. An interrupt then occurs. 

Illegal Command Error (STR3) — The illegal command error bit is set under 
the following conditions: 

a. A command is issued to. the tape control with the control not ready. 

b. A MTGO command is issued to a tape unit which is not ready, and the 
tape control is ready. 
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c. Any command which the tape control, although ready, cannot perform; 
for example: 

W WRITE with WRITE LOCK condition 

(2) 9-channel tape and incorrect density 

(3) BOT and SPACE REVERSE 

Parity (STR4) — Longitudinal and lateral parity checks will occur in both 
reading and writing. The parity bit is set for either lateral or longitudinal parity 
failure. A function is not interrupted, however, until MTF is set. Maintenance 
panel indicators are available to determine which type of parity error occurred. 

Read/Compare Error (STR7) — When READ/COMPARE function is underway, 
STR7 is set to 1 for a READ/COMPARE error (see earlier portion of this section 
on READ/COMPARE for further details). 

Bad Tape (STRIO) — A BAD TAPE error indicates detection of a bad spot on 
the tape. Bad tape is defined as three or more consecutive missing characters 
followed by data, within the period defined by the shutdown delay. The error 
bit is set by the tape control when this occurs. MTF and interrupt do not occur 
until the end of the record in which the error was detected. 

Tape Rewinding (STRl) — When a REWIND command has been issued to a 
tape unit and the function is underway, the tape rewinding bit is set in the 
control. This is a transport status bit, and any selected transport which is in a 
high-speed rewind will cause this bit to be set. 

Record Length Incorrect (STR8) — During a READ or READ/COMPARE, this 
bit is set when the WC overflow differs from the number of words in the record. 
The EF flag is set. 

Data Request Late (STR9) — This bit can be set whenever data transmission 
is in progress. When the data flag causes a data break cycle, the data must be 
transmitted before a write pulse or a read pulse occurs. If it does not, this 
error will occur, and data transmission will cease. The EF flag and bit 9 of the 
status register are set when the MTF is set. 

Error Flag (STRO) — EF is set whenever any error status bit is present at the 
time that MTF is set. However, when an illegal command is given, the EF is set 
and the MTF is not set. 

Command Register Contents 



Unit Selection (0-7) 



Core 
Dump 



Command 



Density 



' 




^ 




\ 




' 




^ 


f 




^ 





1 


2 


3 


4 


5 


6 


7 


8 


9 


! 10 

1 


11 i 

i 

1 



/ 


/ 


\ 


Parity 


Write 


Flags 


= even 


extended 


= disable 


1 = odd 


inter-record 
gap (3" of 
blank tape 
' before record) 


1 = enable 
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Unit Selection 










Unit Selection Bits 
Unit 1 2 Density 




Density Selection 
Density Bits 




1 

2 1 

3 1 

4 10 

5 1 

6 1 1 

7 11 


200 bpi 

1 

556 bpi 

1 

800 bpi 

1 

800 bpi 

1 9 channel 







1 

1 



1 


1 


Command Selection 












COMMAND BITS 








6 
NO OP 
Rewind 
Read 
Read/Compare 
Write 1 
Write EOF 1 
Space Forward 1 
Space Reverse 1 


7 





1 

1 

' 



1 
1 


8 


1 


1 



1 

1 
1 




Magnetic Tape Function Summary 








Legend: CA = Current Address Register = 7752$ 
WC = Word Count Register = 7753s 
F = Forward 
R = Reverse 
DS = Density Setting 
PR = Parity Setting 
EN = Enable Interrupt 


'■ 




Function 


Characteristics 




status of Error Types 


NO-OP 


CA: Ignored 
WC: Ignored 
DS: Ignored 
PR: Ignored 
EN: Ignored 




Illegal 

BOT 

Tape Rewinding 


SPACE FORWARD 


CA: Ignored 

WC: two's complement of 

number of records 

to skip 
DS: Must be set 
PR: Must be set 
EN: Must be set 


Illegal 
EOF 

Bad Tape 
MTF, BOT, 
EOT 




SPACE REVERSE 


Same as Space Forward 




Illegal 
EOF 

Bad Tape 
BOT 
MTF 


- 
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READ DATA 


CA: Core Address -1 


Illegal 




WC: two's complement 


EOF 




of number of words 


Parity 




to be transferred 


Bad tape 




DS: Must be set 


MTF 




PR: Must be set 


EOT 




EN: Must be set 


Data Request Late 
Record Length 
Incorrect 


WRITE DATA 




Illegal 

EOT 

Parity 




Same as READ DATA 


MTF 







Bad Tape 


WRITE EOF 


CA: Ignored 


Data Request Late 




WC: Ignored 


Same as WRITE 




DS: Must be set 


DATA plus EOF 




PR: Must be set 






Et^l: Must be set 




READ/COMPARE 


S.ame as READ DATA 


Illegal 

EOF 

Read/Compare Error 

Bad Tape 

MTF 

EOT 

Data Late 

Record Length 

Incorrect 


REWIND 


CA: Ignored 


Illegal 




WC: Ignored 


Tape Rewinding 




DS: Ignored 


MTF 




PR: Ignored 
tN: Must be set 


BOT 



MAGNETIC TAPE TRANSPORT, TYPE TU20D (7-CHANNEL) 

The TU20D is a digital magnetic tape transport designed to be compatible with 
the Type TC58 Magnetic Tape Control. The transport operates at a speed of 
45 inches per second (ips) and has three selectable densities: 200, 556, and 
800 bpi. The maximum transfer rate is 36,000 6-bit characters per second. 
Standard 7-channe!, IBM-compatible tape format is used. The specifications 
for the unit are as follows: 

Format: NRZI. Six data bits plus one parity bit. 

End and loadpoint sensing compatible with IBM 729 l-VI. 

Tape: Width of 0.5 in. Length of 2400 ft. (1.5 mil.) Reels are 10.5 in., IBM- 
compatible, with |ile protect (WRITE LOCK) ring. 

Heads: Write-read gap of 0.300 in. Dynamic and static skew is less than 
14 ^s. 

Tape Specifications: 45 ips. Start time is less than 5 ms. Start distance is 
0.080 in. (-f 0.035, -0.025 in.). Stop time is less than 1.5 ms. Stop distance 
is 0.045 in. (±0.015 in.). Rewind -2400 feet in less than 3 min. 
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Density: 200, 556, and 800 bpi. Maximum transfer rate is 36 kHz. 
Transport Mechanism: Pincii roller drive; vacuum column tension. 

Controls: ON/OFF, ON LINE, OFF LINE, FORWARD, REVERSE, REWIND, 
LOAD, RESET. 

Physical Specifications: Width of 22-1/4 in., depth of 27-1/6 in., height of 
69-1/8 in. Weight — 600 lb. 

Read (Read/€ompare) Shutdown Delay: 3.6 ms. 
Write Shutdown Delay: Approximately 4.5 ms. 

MAGNETIC TAPE TRANSPORT, TYPE TU20C (9CHANNEL) 

The TU20C is a digital magnetic tape transport designed to be compatible with 
the TC58 Magnetic Tape Control. The transport operates at a speed of 45 (ips) 
and B density of 800 bpi. The maximum transfer rate is 36,000 8-bit characters 
per second. Standard 9-channel, IBM-compatible tape format is used. The 
specificationsfor the unit are as follows: 

Format: NRZl. Eightdata bits plus one parity bit. 

End and loadpoint sensing compatible'with IBM. 

Tape: Width of 0.5 in. Length of 2400 ft. (1.5 mil). Reels are 10.5 in., IBM- 
compatible, with file protect (WRITE LOCK) ring. 

Heads: Write-read gap of 0.150 in. Dynamic and static skew is less than 
14 fis. 

Tape Specifications: 45 ips. Start time is less than 5 ms. Start distance is 
0.080 in. ( + 0.035, -0.025 in.) Stop time is less than 1.5 ms. Stop distance 
isO.045 in. ( + 0.015 in.) 

Density: 800 bpi. Maximum transfer rate is 36 kHz. 

Transport Mechanism: Pinch roller drive; vacuum column tension. 

Controls: ON/OFF, ON LINE, OFF LINE, FORWARD, REVERSE, REWIND, 
LOAD, RESET. 

Physical Specifications: Width of 22-1/4 in., depth of 27-1/6 in., height of 
69-1/8. Weight — 600 1b. 

Read (Read/Compare) Shutdown Delay: 3.6 ms. 
Write Shutdown Delay: Approximately 4.5 ms. 

9-Track Operation 

Nine and seven track transports niay be intermixed on the TC58 control. When 
a transport is selected, it automatically sets the control for proper operation 
with its number of tracks. 

Control of 9-track operation is identical to 7-track, except as noted below: 
Write — A word in memory, is written on tape in the following format. 

Lateral Parity Bit of Character 1 



Character 1 



Bit 1 2 3 4 11 

X — These bits are ignored 
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Read — A word is read into memory from tape in the following format. 

Lateral Parity Bit of Character 1 



PI 



Character 1 



Bit 1 2 3 4 11 

X — These bits are ignored 

Read/Compare — A direct comparison of the characters on tape is made with 
those jn memory. The parity bit is ignored, as are bits 0-3 in each memory word. 

Core Dump Mode — This mode is used only with 9-track transports. It is" 
entered by setting bit 4 of the command register. 

Core dump mode permits the dumping of complete memory words in the form 
of two 6-bit characters. The format is: 



Character 1 



Character 2 



Bits 5 6 11 

This is accomplished by utilizing only 7 of the 9 tape tracks. 

Tape written in core dump mode, must be read (read/compare) in the same 
mode. These operations are the same as for a 7-track transport. 

INCREMENTAL MAGNETIC TAPE 

Other magnetic tape options include the TR02 Tape Transport Control which is 
used with the TU22, TU25, or TU2S series of increme.ntaj write s^richrcncus 
read transports. The TR02, with either one or two of these transports, may be 
used with the PDP-8/1 or PDP-8/L computers. 

Incremental writing allows the user considerable flexibility in the acquisition 
of data, data reduction, and data storage. Data may be written one word at a 
time, eliminating the need for a buffer memory for storage of a block of data 
as is required with synchronous write units. Data may be transferred in entire 
or partial records, as the user deems necessary. 

Tape format is either 7- or 9track, dependent upon the transport used with 
the TR02. Tapes writen on the TR02 transport combination are compatible 
with industry-standard synchronous systems, allowing data acquired with this 
system to be utilized by another computer installation. Parity may be either 
even or odd, and is selected by two switches, one in the TR02 and one in the 
transport. (Both switches must be set to the same parity.) Another switch 
provides the option of reading tapes with 200, 556 or 800 bpi. The TR02 may 
be supplied as a single transport, or two transport unit. 

Type TR02 Tape Transport Control 

The four standard models of the TR02 are listed in Table 7-4. 
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Table 7-4. TR02 Tape Control Models 



Control 



Central Processor 
I/O Bus Polarity 



Maximum 
Number of Transports 



TR02-PA 
TR02-PC 
TR02-NA 
TR02-NC 



Positive 
Positive 
Negative 
Negative 

All models have 7/9 channel capacity 



1 
2 
1 
2 



The TR02 control unit is designed to perform a programmed data transfer 
between the PDP-8/1 [PDP-8/L] and an incremental-write and synchronous- 
read tape transport (7 or 9 channels). The control unit works directly off pro- 
grammed I/O; the data break facility is not required and the interface requires 
no operator control. 

The TR02 contains the electronics which decode the iOT instructions and 
generate the move commands. It also receives data from the transport to 
generate interrupt flags and to operate a status register. Level converters in 
the TR02 dynamically buffer the data between the central processor buffered 
accumulator (BAG) lines and the transport buffer during write, and between 
the transport buffer and the central processor accumulator input (AC) lines 
during read. The transport contains a static data buffer which stores data in 
either the read or write direction. The move commands are interpreted by the 
transport to provide the desired movement. Read/write selection is generated 
by the TR02 to provide the read/write command tojhe transport. The trans- 
port electronics generate all signals required to actually write data on the tape 
or read it from the tape, and generate the check characters for the interrecord 
gap or the end-of-file gap. 

The TR02 can operate with either positive or negative central processor I/O 
busses, as selected by the logic modules installed. All models of the TR02 can 
operate with either 7- or 9-track tape transports. 

The TR02 has an operating temperature range of 0°C to 50°C and requires the 
following power input specifications: 115 Vac (±10%), 50/60 Hz, 60W. 

Optional Tape Transports 

Table 7-5 lists the characteristics of the ttiree optional types of tape transports 
used with the TR02 tape control. 



Table 7-5. Summary of Tape Transport Characteristics 

Incremental Writing Rate — 700 steps/sec. 

Synchronous Read Speed — 25 in. /sec. (200 and 556 bpi) or 15 in. per sec. 

(800 bpi). 



Tape 
Reel Size 



— 0.5 in. /1. 5 mil (computer grade) 

— 8.5 or 10.5 in. diameter (IBM compatible) 
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Mechanical Packaging 



Width 
Height 



8.5 in. 
19.0 in. 
12.25 in. 



10.5 in. 
19.0 in. 
24.5 in. 





Depi 


th 11.7 in. 


11.7 in. 










(from mounting 
surface 14.0 
total in.). 


Incremental Write Synchronous Read Magnetic Tape Transports 




Transport 
Type 


Density 


Number of 
Tracks 


Reel 
Size 


Read 
Speed 


TU22-A 
TU25-A 
TU28-A 
TU28-C 


200 bpi 
556 bpi 
800 bpi 
800 bpi 


7 track 
7 track 
7 track 
9 track 


10-1/2 in. 
10-1/2 in. 
10-1/2 in. 
10-1/2 in. 


25ips 
25ips 
15 ips 
15 ips 


TU22-E 
TU25-E 
TU28-E 
TU28-H 


200 bpi 
556 bpi 
800 bpi 
800 bpi 


7 track 
7 track 
7 track 
9 track 


8-1/2 in. 
8-1/2 in. 
8-1/2 in. 
8-1/2 in. 


25 ips 
25 ips 
15 ips 
15 ips 



Program Instructions 

Operation of the tape transport is controlled by seven lOT instructions. Units 
controlling two transports have two identical sets of instructions, differentiated 

by the contents of bit 8 of the instruction code. The instructions are in the 
series of 670X for the first transport and 671X for the second. When two trans- 
ports are used, the mnemonics for the second transport are differentiated by 
suffixing the letter A to the basic instruction. 

The seven lOT instructions are selected by the last three bits of the lOT instruc- 
tion (bits 9-11), which also select the generation of the iOP pulses. Each 
instruction is decoded as a unique instruction by the TR02; therefore, micro- 
programmmg of the instruction is not possible. 

Skip on Read Done (IRS) (iRSA) 

Octal Code: 6701/6711 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /is 

Operation: When data is ready in the read buffer (RB) to be strobed into 

the AC, the PC is incremented by one to skip the next sequential instruction. 

The read done flag is cleared only if the skip occurs. 

Symbol: If RB data is ready, PC -H 1 ->► PC, RD flag, 0->- RD fiag 

Read Status Register (ISR) (ISRA) 

Octal Code: 6702/6712 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: The content of the status register (STR) is read into ACO-8. The 

AC should be cleared before it is read by this instruction. (See Figure 7-9 and 

Table 7-6 for status conditions.) 

Symbol: AC o-s VSTC ->■ ACo-g 
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TRANSPORT TAPE NOT 
READY TENSIONED 



FILE END OF 
PROTECT TAPE 



READ 
STATUS 



r^~^ 




r^^ 




r^'~^ 




'^^^ 




f ^ 








io 


1 


2 


, 3 


4 


5 


6 


7 


8 


9 


10 


11 



WRITE GAP IN BEGINNING WRITE 
BUFFER PROCESS OF TAPE STATUS 
BUSY 



UNUSED 



Figure 7-9. Read Status Register Conditions 
Table 7-6. Conditions of Read Status Register 



Bit 


Functions 





Transport Ready 


1 


Write Buffer Busy 


2 


Tape Not Tensioned 


3 


Gap in Process 


4 


File Protect (selected by ring on tape reel) 


5 


Beginning of Tape 


6 


End" of Tape 


7 


Write Status 


8 


Read Status 



Logic 1 in AC = function true 

Skip on Write Done (IWS) (IWSA) 

Octal Code: 6703/6713 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] ' 

Execution Time: 4.25 /is 

Operation: If the write done flag is set, the next instruction is skipped and the 

write done fiag is cleared. 

Symbol: If Write Done flag = 1, PC + 1 -^^ PC, -> Write Done 

Move Commands (IMC) (IMCA) 

Octal Code: 6704/6714 
Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 fj.s 

Operation: The move command decoded from ACO-2 is generated. This instruc- 
tion also clears the read done, write done, and gap detect flags. The indicated 
flag is set when the command has been executed. 
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Command 

REWIND 

WRITE INTERRECORD GAP 

WRITE END-OF-FILE GAP 

SET UP TO WRITE AFTER READ 

LOAD FORWARD READY TO READ 

LOAD FORWARD READY TO WRITE 

READ FORWARD 

BACK SPACE ONE RECORD 

Symbol: None 



Command Selection 




AC Bits 






1 2 


Octal Code 


Flag 


0. 


0000 


Write Done 


1 


1000 


Write Done 


1 


2000 


Write Done 


1 1 


3000 


Write Done 


1 


4000 


Gap Detect 


1 1 


5000 


Write Done 


1 1 


6000 


Gap Detect 


1 1 1 


7000 


Gap Detect 



Skip on Gap Detect (IGS) (IGSA) 

Octal Code: 6705/6715 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: If the gap detect flag is set, the next instruction is skipped and the 

gap detect flag is cleared. 

Symbol: If Gap Detect flag = 1, PC + 1 ^^ PC, -> Gap Detect flag 

Write AC Into Tape Buffer and Generate Write Step (IWR) (IWRA) 

Octal Code: 6706/6716 

Event Time: 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /is 

Operation: The contents of the AC are loaded into the tape input data buffer 

(WB) and a write step command is generated. The write done flag is set when 

writing is completed (1.43 ms maximum). 

Symbol: AC6-1 1 ^- WB (7 track) or AC4-1 1 -> WB (9 track) 

Write command -> transport 

Read Buffer Into AC (IRD) (IRDA) 

Octal Code: fi707/6717 

Event Time: 1, 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /is 

Operation: The AC is cleared and the content of the read buffer (RB) is loaded 

into the AC. Data bits are transferred into AC6-11 (7 track) or AC4-11 (9 track). 

Parity error is transferred into ACO and is if there is no parity error. 

The maximum time available for character processing is a function of density 
and tape speed as follows: 



Density 
200 bpi 
556 bpi 
800 bpi 



Tape Speed 
25ips 
25 ips 
15 ips 



Time 

100 /iS 

36 /iS 

42 ^s 



Symbol: 0->' AC, RB, PE V AC->- AC 
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SECTION 7-7 RANDOM ACCESS DISK DEVICES 

TYPE DF32 DISK FILE AND CONTROL AND TYPE DS32 

EXPANDER DISK FILE 

The DF32 Disk File is a fast, low-cost, random -access, bulk-storage device 
and control for use with the PDP-8/1 [PDP-8/L] computer. [When the DF32/ 
DS32 are being used with the PDP-8/L, the following interface options are also 
required: the KD8/L Data Break Facility and the DW08-A I/O Conversion Panel.] 
Operating through the 3-cycle Data Break Facility, the DF32 provides 32,768 
13-bit words (12 bits plus parity) of storage, and is economically expandable 
to 131,072 words when using the DS32 Expander Disk. 

Transfer rate of the DF32 is 66 ^s per word; average access time is 16.67 ms 
for 60 Hz power (20 ms with 50 Hz power). 

Two basic assemblies comprise the DF32: the storage unit with read/write 
electronics, and computer interface logic. The storage unit contains a nickel- 
cobalt-plated disk, driven by a hysteresis synchronous motor. Data is recorded 
on a single disk surface by 16 fixed-position read/write heads. A photo- 
reflective marker is used on the disk's outer perimeter to denote beginning 
and end of timing and address tracks. 

Disk motor and shaft, read/write data heads, timing and address heads, and 
photocell assembly are mounted on a 19-inch relay rack assembly, which per- 
mits easy access to the unit by sliding the unit in and out of a standard Digital 
Equipment Corporation cabinet. 

Instructions 

The commands for the disk system are as follows: 

Clear Disk Memory Address Register (DCMA) 

Octal Code: 6601 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /^s 

Operation: Clears memory address register, parity error and completion flags. ■ 

This instruction clears the disk memory request flag and interrupt flags. 

Symbol: -> completion flag 

->■ error flag 

Load Disk Memory Address Register and Read (DMAR) 

Octal Code: 6603 

Event Time: 1, 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 (is 

Operation: The contents of the AC are loaded into the disk memory address 

register and the AC is cleared. This lOT initiates reading of information from 

the disk into the specified core location. Clears parity error and completion 

flags. 

Symbol: AC 0-11 ^- DMA 0-11 

1 ->■ read 

->■ completion flag 
->■ error flag 
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Load Disk Memory Address Register and Write (DMAW) 

Octal Code: 6605 

Event Time: 1, 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ns 

Operation: The contents of the AC are loaded into the disk memory address 

register and the AC is cleared. This disk then begins to write information into 

the disk from the specified core location. Clears parity error and completion 

flags. Data break must be allowed to occur within 66 /is after issuing this 

instruction. * 



AC 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 








' 


' 


' 






DISK ADDRESS REGISTER 
LOW ORDER BITS 











Symbol: AC 0-11 ->► DMA 0-11 
1 ->■ write 

->• completion flag 
->- error flag 

Clear Disk Extended Address Register (DCEA) 

Octal Code: 6611 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /us 

Operation: Clears the disk extended address and memory address extension 

register. 

Symbol: ->■ disk extended address register 

->• memory address extension register 

Skip on Address Confirmed Flag (DSAC) 

Octal Code: 6612 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 (is 

Operation: Skips next instruction if address confirmed flag is a 1. Flag is set 

for 16 fis whenever the address on the disk equals the contents of the disk 

address' registers. AC is cleared. 

Symbol: -> AC 

If address confirmed flag = 1, then PC + 1 ->' PC 

Load Disk Extended Address (DEAL) 

Octal Code: 6615 

Event Time: 1, 3 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Operation: The disk extended address and memory address extension regis- 
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ters are cleared and loaded with the track address data held tn the AC. The 
previous contents of these registers, plus the photocell mark, and three error 
flags, are ORed into the AC. (See DEAC instruction.) 
Symbol: AC 6-8 -^ EA 3-1 Core Memory Extension 

AC 1-5 ->■ EMA 5-1 Disk Address Extension 32K, 64K, 96K, 128K 

ACO, 9-11 used in DEAC instruction 

Read Disk Extended Address Register (DEAC) 

Octal Code: 6616 

Event Time: 2, 3 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s , . ^. , .. j ^ ^^ ^ 

Operation: Clear the AC, then load the contents of the disk extended address 
register into the AC to allow program evaluation. Skip the, next instruction if- 
address confirmed flag is a 1. 
Symbol: 32K, 64K, 120: EMA 5-1 -^ AC 1-5 

Extended break address EA 3-1 -^ AC 6-8. 

Photocell sync mark -> ACO (available 200 ^s). 

Data Request Late flag -> AC9 

Nonexistent or write lock switch on ->' AOlO 

Parity Errors -> -AC 11 

NOTE 



Write lock switch status is. true only when disk module 
contains a write command. The nonexistent disk condi- 
tion will appear following the completion^of a data transfer - 
during read, where the address acknowledged was the last 
address of a disk and the next word to be addressed falls 
within a nonexistent disk. The completion flag for this tdata 
transfer is set by the non-existent disk condition 16 iis 
following the data transfer. 

Skip On Zero Error Flag (DFSE) 

Octal Code: 6621 

Event Time: 1 

Indicators: lot, Fetch,-Pause [IR = 6, F] 

Execution Time: 4.25 /xs, x ■ * ^ 

Operation: Skips the next instruction if parity error, data request late, ana 

write lock switch flag are all zero. Indicates no errors. 

Symbol: If parity error flag = X) and if data request late flag = and if write 

lock switch flag = 0, then 

PC + 1 ^^ PC 

Skip on Data. Completion Flag <DFSC) 

Octal Code: 6622 , 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /xs , • j- 4.- 

Operation: Skips the next instruction if the completion flag is a 1; indicating 

data transfer is complete. 

Symbol: If completion flag = 1, PC + 1 ->^ PC 

Read Disk Memory Address Register (DMAC) 

Octal Code: 6626 
Event Time: 2, 3 
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Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 us 

Operation: Clears the AC, then loads the contents of the disk memory ad- 
dress dress register into the AC to allow program evaluation. During read, the 
final address will be the last one transferred. 
Symbol: DMA 0-1 1 ^- AC 0-1 1 



AC 



8 



10 11 



DISK ADDRESS REGISTER 
LOW ORDER BITS 



LEAST SIGNIFICANT BITS 



Three-cycle data break locations: Work Count address is 7750 (field 0), Current 
Address is 7751 (field 0). 

Three maintenance lOTs are also used by the DF32. These lOTs are used to 
simulate certain pulses within the disk control for static logic tests. Since 
they all use device code 63, this code should not be used by other peripheral 
devices when a DF32 is part of the system. 



NOTE 



For the DEAL and DEAC instructions, refer to the diagrams shown below: 



Bits 1-5 

fDEAL. DFAC Inst /» 



Field Bits 6-8 
(DEAL, DEAC Inst.) 



Accumulator 



(I 



Ord? 



io p;+e\ 



0-11 of DM AW or DMAr 

Cell 7751 
(Current Address) 



Disk 
Address 

Current Address 
(Memorv') Address 
(15 Bit) ' 



The computer can handle 12 bits; therefore, the high order bits for disk and 
memory address are manipulated by the DEAL and DEAC instructions Low 
order bits are manipulated in the AC. 

The disk address is a 17-bit value. Bit 1 of the DEAL*and DEAC instructions is 
the most significant bit. The memory address is a 15-bit value. Bit 6 of the 
DEAL and DEAC instructions is the most significant bit. 

Note that the word count 7750 is Toaded with the two's complement of the 
number of words to be transferred and that the disk address is loaded with the 
desired starting address. The memory of current address (7751) is loaded with 
the desired address minus one. 

Software 

The DF32 Disk System, available with either the PDP-8/1 or the PDP-8/L, is a 
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fast, convenient keyboard-oriented monitor which will enable the user to 
efficiently control the flow of programs through the computer. This system is 
modular and open-ended, allowing the user to build the software components 
required in his environment. The user may specify the system device (disk or 
DECtape), the amount of core, number of disks available, and the number, 
name, and size of his resident system program. 

TYPE RF08 DISK FILE AND CONTROL AND TYPE RS08 
EXPANDER DISK FILE 

The RF08 control and the RS08 disk combine to provide fast, low-cost, random 
access, bulk storage for the PDP-8/1 [PDP-8/L] computers. One RF08/RS08 
provides 262,144 13-bit words of storage. Up to four RS08 disks can be added 
to the RF08 control for a total of 1,048,576 words of storage. Data is recorded 
on a single disk surface by 128 fixed read/write heads. 

Data transfer is accomplished through the three-cycle break system of "the 
computer and its associated required options, which are the same as for the 
DF32/DS32 system. Fast track-switching time permits spiral read or write. 
Data may be read or written in blocks of from 1 to 4096 words. Transfers 
across disks are handled automatically by the control unit. Table 7-7 lists the 
RF08/RS08 specifications. 



Disks 

Storage Capacity 

Data Transfer Path 

Data Transfer Rate 

Minimum Access Time 
Average Access Time 
Maximum Access Time 
Program Interrupt 

Write Lock Switches 

Data Tracks 
Words Per Track 
Recording Method 
Density 
Timing Tracks 



Table 7-7. RF08/RS08 Specifications 

Four RS08s may be controlled by one RF08 for 
1,048,576 words. 

Each RS08 stores 262,144 13-bit words (12 plus 
one even parity bit) 



3-Cycle Break 


Address Locations 
7750 Word Count 
//51 Current Address 


60 Hz Power 
16.0 /iS per word 


50 Hz Power 
19.2 lis per word 


258 ^s 


320 ;ttS 


16.9 ms - 


20.3 ms 


33.6 ms 


40.3 ms 



33 ms Clock Flag 

Data Transmission Complete Flag 

Error Fl^g 

Eight switches per disk capable of locking out any 
combination of eight 16,384 word blocks in ad- 
dresses to 131,071. 

128 

2048 

NRZl 

1100 bpl Maximum 

3 plus 3 spare (spares can be used to recover 
data on disk) 
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Table 7-7. RF08/RS08 Specifications (Cont) 



Operating Environment 
Vibration/Shock 

Heat Dissipation 

AC Power Requirements 



RS08 IVIotor Power 
Requirements 

Line Frequency Stability 



Motor Bearing Life 
Reliability 



Cabinet 



iirpfjirig iiiiui mcjuiui 



Recommended temperature 65° to 90°F. 

Good isolation is provided. To prevent data er- 
rors, extreme vibrations should be avoided while 
the RSOB is transferring information. 

RF08: 150W 
RS08: 300W 

115/230 ± 10% Vac, single phase, 50 ± 2 or 
60 ± 2 Hz, 5A (maximum) for logic power. 
(Logic power for one RF08 and up to four RS08s 
is provided by one DEC Type 705B Power Supply) 
Additional line current is required for RS08 disk 
motor as shown below. 

Motor start, 5.5A for 20 ± 3s. Motor run, 4.0A 
continuous @ 115 Vac. (A stepdown autotrans- 
former is provided for 230 Vac operation). 

Maximum line frequency drift 0.1 Hz/s. A con- 
stant frequency motor-generator set or static 
ac/ac inverter should be provided for installation 
with unstable power sources. 

Expected operating life of at least 20,000 hours, 
under standard computer operating environment. 
Six recoverable errors and one nonrecoverable 
error in 2 x 10' bits transferred. A recoverable 
error is defined as an error that occurs only once 
in four successive reads. All other errors are non- 
r6cov6r8b!e. On-off c^'clirs'' of the RSOS is not 
recommended. For this reason, the RSOS motor 
control operates independently of the computer 
power control. 

A dedicated cabinet is designed to accommodate 
one RF08, up to two RS08s and power supply. 
Two additional RSOSs can be mounted in a sec- 
ond cabinet. Other equipment should not be 
mounted in disk cabinets. 

Weight of RF08, one RSOS, power supply and 
cabinet: « 

590 lb (crated) 

500 lb (uncrated) 
Weight of RF08, two RSOS, power supply and 
cabinet: 

690 lb (crated) 

600 lb (uncrated) 
(The RF08/RS08 are shipped mounted in cab- 
inets) 



Programming Instructions 

The programming instructions for* the RF08/RS08 differ slightly from those 
provided in the DF32/DS32 description. The extended address capability and 
associated instructions (DCEA, DEAL, and DEAC) are replaced, in sequence, 
by interrupt enable and memory address extension register instructions (DCIM, 
DIML, and DIMA). 

Clear Disk Interrupt Enable and Core Memory Address Extension Register 
(DCIM) 

Octal Code: 6611 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: Clear the disk interrupt enable (DIE) and core memory address 

extension (MAE) registers. 

Symbol: ->- DIE, ->► MAE 

Load Interrupt Enable and Memory Address Extension Register (DIML) 

Octal Code: 6615 

Event Time; 1, 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /jis 

Operation: Clear the interrupt enable (IE) and MAE, then load the interrupt 

enable and memory address extension registers with data held in the AC. 

Then clear AC. 



NOTE 

Transfers cannot occur across memory fields. Attempts 
to do so will cause the transfer to "wrap around" within 
the specified memory field. 



Symbol: 0->IE, 

AC 3-15-^ 

0^^ AC 
AC TO DISK STATUS REGISTER 



► MAE 

IE, AC 6-8 ^^ MAE 



8 



10 11 




RF08 




INTERRUPT 

ENABLE 

REGISTER 



MEM 
FIELD 



CORE 
/MEMORY 
EXTENSION 




EXTENDED 
MEM SEL 
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Load Interrupt and Extended Memory Address (D!MA) 

Octal Code: 6616 

Event Time: 2, 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Operation: Clear the AC. Then load the contents of the status register (STR) 

into the AC to allow program evaluation. 



AC 


1 
PCA ORE 


II II 
WLS 1 EIE i PIE CIE i F.3 F.2 

1 1 1 1 1 


F.l 


1 . 
DRL NXD 1 PER 




. 


1 








RF08 


STATUS REGISTER 



AC Bit 


Abbr. 





PCA 


1 


ORE 


2 


WLS 


3 


EIE 


4 


PIE 


5 


CIE 


6-8 


F 


9 


DRL 


10 


NXD 


11 


PER 


Symbol: 


0^-AC 




STR -^ AC 



Description 
Photocell Sync Mark (available 100 /us status) 
Data Request Enable (maintenance only status) 
Write Lock Status 
Error Interrupt Enable 
Photocell Interrupt Enable 
Completion Interrupt Enable 
(FIELD) Core Memory Extension Fields 
Data Request Late 
Nonexistent Disk 
Parity Error 



In addition to these changes in instructions, the RF08/RS08 utilizes six addi- 
tional instructions: DFSE, DISK, DCXA, DXAL, DXAC, and DMMT. 

Skip on Disk Error (DFSE) 

Octal Code: 6621 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ;us 

Operation: Skip next instruction if there is parity error, data request late, write 

lock status, or nonexistent disk flag set. 

Symbol: Parity error, data request late, write lock status, or nonexistent disk 

flags are set, PC -f 1 -^^ PC. 

Skip Error or Completion Flag (DISK) 

Octal Code: 6623 

Event Time: 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /iS 

Operation: If either the error or data completion flag (or both) is set, the next 

instruction is skipped. 

Symbol: If PER or Data Complete, PC + 1 ->- PC 
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Clear High Order Address Register (DCXA) 

Octal Code: 6641 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: Clear the high order 8-bit disk address register (DAR). 

Symbol: -> DAR 

Clear and Load High Order Address Register (DXAL) 

Octal Code: 6643 

Event Time: 1, 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /xs 

Operation: Clear the high order 8 bits of the DAR. Then load the DAR from 

data stored in the AC. Then clear AC. 

Symbol: ->- DAR high order 8 bits, 

AC -> DAR, 

0-> AC 




RF08 



8 



10 11 



Disk Address 
High Order Bits 



Least Significant Bits 



Clear Accumulator and Load DAR Into AC (DXAC) 

Octal Code: 6645 

Event Time: 1, 3 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fiS 

Operation: Clear the AC; then load the contents of the high order 8-bit DAR 

into the AC. 

Symbol: ^^ AC, 

DAR high order 8 bits -> AC 








1 


2 


3 
















AC 


^ 


^ 


^ 




4 5 6 7 8 9 10 


11 






. 


, 


. 

1 




RF08 




Disk 
Select 


Disk Address 
High Order Bits 



Least Significant Bits 



135 



Initiate Maintenance Register (maintenance purposes only) (DMMT) 

Octal Code: 6646. 

Event Time: 2, 3 

Indicators: lot, Fetch, Pause [IR .= 6, F] 

Execution Time: 4.25 fis 

Operation: For maintenance purposes only with the appropriate maintenance 

cable connections and the disk disconnected from the'^RSOS logic, the follow" 

ing standard signals may be generated by lOT 6646 and associated AC bits. 

AC IS cleared and the maintenance register (MAIR) is initiated by issuing an 

lOT 6601 command. 

AC (1) Track A Pulse 

AC (1) Track B Pulse 

AC (1) Track C Pulse 

AC (1) DATA PULSE (DATA HEAD #0) 

AC (1) 1 Photocell 

AC(1) 1 DBR 

Setting DBR to a 1 causes data break reoiiest in computer 
Symbol: AC ->• MAIR 

Three-cycle data break locations: word count address is 7550 (field 0), current 
address is 7751 (field 0). 

DF32 Programming Compatibility 

The lOT instructions 660X and 6622 are identical in every respect to the DF32 
instruction; i.e., the same operations are performed. The 661X and 662X in- 
structions differ only in the following: 

a. lOT 6615 does not transmit the extended disk address bits for address- 
ing over 32K; instead, AC 3-5 are assigned to enable or disable conditions 
on the program interrupt line. The AC is cleared upon execution of this 
instruction. 

b. lOT 6616 no longer reads back the extended address bits by 1 through 
5 into the ACfhese bits are assigned to examine the status of interrupt 
enable. In addition. AC2 indicates the status of write lock and ACIO shows 
only nonexistent disk conditions. ACl shows the conditon of data request 
enable used for maintenance purposes. 

c. lOT 6621 has been changed to skip on error rather than no-error. Non- 
existent disk has been included as an error skip condition. 

d. lOT 6623 (DISK) is a new skip instruction that will skip on either error 
or completion flags or both. 

The DF32 maintenance instruction lOT 663X is not assigned to the RF08 
system. 
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EMA Transfers 












DXAL or DXAC 










■■■ 






















DM/ 


\H. 


Ul 


VIA 


w, 


or 


Ul\ 


/lA 


1-^ 




.^t- 








DMA Transfers 


DXAL i 
DXAC 





1 


2 


3 


PDP-8/1 Accumulator 
4 5 6 7 


8 


9 


10 


11 


12 3 


PDP-8/1 Accumulator 
! 4 5 6 7 


8 9 


10 


11 


DMAR A 

DMAW ' ' 

DMAC 

1 f 


















































^ EMA 


DMA 






4 


5 


6 


7 


8 


9 


10 


11 


1 2 


3 4 5 

1 


6 7 


8 9 


10 


11 






19 
2 


20 Bit Binary Address 
(Disk Address) 







2 




. 


Disk 
Select 


Track Select 

6 
2 



2 


10 
2 


Angular Address 





2 





Software 

A sample of a typical l/G routine for the RF08/RSQ8 is as follows: 



0200 
0201 
0202 
0203 
0204 
0205 
0206 



0207 
0210 
0211 
0212 
0213 
0214 
0215 

0216 
0217 
0220 
0221 
0222 
0223 
0224 
0225 
0226 
0227 
0230 
0231 
0232 
0233 



4777 
0000 
0000 
0000 
0000 
0000 
5020 



0000 
7300 
1607 
6615 
1607 
0376 
7640 

7126 
1375 
1374 
3236 
2207 
1607 
7041 
3773 
2207 
1607 
3772 
2207 
1607 
6643 



JMS I 
FUNCT, 
WDCT, 
CORE, 
DSKHI. 
DSKLdW, 

JMP ERROR 



(DISKIQ) 

/X0=READ, X1=WRITE (X=0=7 MEMORY FIELD) 
/+ WORD COUNT 
/CORE LOCATION 
/HIGH ORDER 8 BITS 
/LOW ORDER 12 BITS 

/ERROR RETURN (AC=ERROR CONDITION) 
/NORMAL RETURN (AC=0) " 



DISKIO, 



0234 1607 

0235 2207 

0236 0000 RORW, 

0237 6623 

0240 5237 

0241 6621 

0242 2207 

0243 5607 





CLL CLA 

TAD I DISKIO 

DIML 

TAD I DISKIO 

AND (7 

SZA CLA 

STL RTL 
TAD (3 
TAD (6600 
DCA RORW 
ISZ DISKIO 
TAD I DISKIO 
CIA 

DCA I (7750 
ISZ DISKIO 
TAD I DISKIO 
DCA I (7751) 
ISZ DISKIO 
TAD I DISKIO 
DXAL 



TAD I DISKIO 
ISZ DISKIO 



DISK 

JMP.-l 

DFSE 

ISZ DISKIO 

JMP I DiSKIO 



/LOAD EXTENDED MEMORY BITS 



/ + 2 



/6603 = READ, 6605=WRITE 



/STORE=WORD COUNT 
/LOAD CORE ADDRESS 



/LOAD HIGH ORDER 9 
/BITS OF DISK ADDRESS, 



/READ OR WRITE 

/DONE? 

/NO 

/YES, ERROR? 

/SKIP TO NORMAL RETURN 

/RETURN 



6615 DIML = 6615 

6623 DISK = 6623 

6643 DXAL = 6643 

6621 DFSE = F,K2i 

0020 ERROR = 20 



0372 7751 

0373 7750 

0374 6600 

0375 0003 

0376 0007 

0377 0207 



CORE 

DFSE 

DIML 

DISK 

DISKIO 

DSKHI 

DSKLOW 

DXAL 

ERROR 

FUNCT 

RORW 

WDCT 



0203 
6621 
6615 
6623 
0207 
0204 
0205 
6643 
0020 
0201 
0236 
0202 



SECTION 7-8 ANALOG INPUT SUBSYSTEMS 

TYPE AFOIA ANALOG-TO-DIGITAL SYSTEM 

The Type AFOIA General-Purpose, Multiplexed Analog-to-Digital (A/D) Con- 
verter combines a versatile, multipurpose converter with a multiplexer to pro- 
vide fast automatic multichannel scanning and conversion capability. It is 
intended for use in computer systems in which sampling and processing of 
analog data from sensors or other external signal sources is desired. The 
Type AFOIA option is used with the PDP-8/1 [PDP-8/L and DW08-A I/O Con- 
version Panel], to'multiplex up to 64 analog signals and to convert the signals 
to binary numbers. Analog data on each of 64 channels can be accepted and 
converted into 12-bit digital numbers 420 times per second.* 

Switching point accuracy is ±0.025%, with an additional quantization error 
of half the least significant bit (LSB). If less resolution and accuracy is re- 
quired, all 64 channels can be scanned and the analog signals on them con- 
verted into 6-bit digital numbers 1420 times each second.** 

Switching point accuracy in this case |s ±1.6%, again with the additional 
quantization error of half the digital value of the LSB. 

*Conversion rate = [(35 + 2) (10"*) (64)]"' = 420 cycles/sec. 
**Conversion rate = [(9 + 2) (lO'') (64)]"' = 1420 cycles/sec. 

A/D Converter Specifications 

The AFOIA has a successive approximation converter that measures a to 
-10 analog input signal and provides a binary output indication of the input 
signal amplitude. The characteristics of the A/D converter are as follows: 

CHARACTERISTICS SPECIFICATIONS 

Accuracy and Conversion Times See Table 7-9 (includes all linearity and 

temperature errors) 

Converter Recovery Time Zero 

Input and Input Impedance OV to -lOV at 10 megohms standard. 

Input scaling may be specified using the 
amplifier or sample and hold options (See 
Table 7-8) 

Input Loading 1 /zA and 125 pF for OV to -lOV input 

signal. 

Output Binary number of 6 to 12 bits, with nega- 

tive nufnbers represented in 2's comple- 
ment notation. A OV input gives a 400081 
a -5V input a OOOOs and a -lOV (minus 
1 LSB) input gives 37778. 

Provision is made for using the Type AH02 Sample and HoTd option between 
the multiplexer output and A/D converter input to reduce the effective aperture 
to less than 150 ns. The AH02 option may also be used to scale the signal 
input to accept ±10V, ±5V, or OV to -hlOV. The AH03 amplifier may be sub- 
stituted for the AH02 to accomplish the same signal scaling without reducing 
the effective aperture. The AH02 and AH03 options may be used together to 
simultaneously obtain high input impedance and small aperture. 
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Multiplexer Specifications 

The multiplexeT can include from 1 to 16 Type A121 "Multiplexer Switch 
Modules. Each module contains four single-pole, high-speed, insulated-gate 
FET switches with appropriate gating. The A121 switches are arranged as a 
64-channel group of series-switched, single-pole switches with a separate 
continuous ground wire for each signal input. The switched signal input wire 
and the continuous ground for each channel are run as twisted pairs to the 
input connectors mounted on the rear panel. The continuous grounds for all 
channels are terminated at the high quality ground of the AFOIA system. 
Specifications (measured at input connector) are as follows and as contained 
in Tables 7-8 and 7-9: 



CHARACTERISTICS 
input Operating Signal Voltages 
Current 
On Resistance 
Voltage Offset 
"Off Leakage" 
Capacitance 

Speed 

10% Input to within 1 LSB 
of output 

Operate Time 



SPECIFICATIONS 
-t-lOVto -lOV 
1 mA 

500f2 (max) 


0.010 ixA (max) 
10 pF (max) 

2^s 

The time required to switch from one 
channel to another is 2 ^s to within 1 LSB 
of the final voltage. This time is preset 
within the control and starts when a set, 
clear or index command is received. 
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Operation 

The AFOl- system may be operated in either the random or sequential address 
modes. In the random address mode, the control routes the analog signal 
from any selected channel to the A/D converter input. In the sequential ad- 
dress mode, the multiplexer control advances its channel address by one each 
time an index command is received. After indexing through the maximum 
number of channels implemented, the address is returned to 0. When using 
sequential operation, the conditioning levels for random addressing are ignored. 

The multiplexer switch setting time is preset within the control to initiate the 
conversion process automatically after a channel has been selected in either 
the random or sequential address mode. A separate A/D convert I/O transfer 
command may also initiate one or more conversions on a currently selected 
channel. 

A/D conversion times are increased by 2 us when multiplexer channels are 
switched to allow for settling time of the analog signal at the multiplexer out- 
put. Conversion times are increased an additional 3 /is when AH03 is used. 
These times are added to the conversion times shown in Table 7-9 under, 
selected channel conversion time, which is the only time required for each 
successive conversion on a selected channel. 

When the AH02 Sample and Hold option is required, the multiplexer switch 
setting time and the sample and hold acquisition time are overlapped. The 
total conversion and switching time is increased by 10 fis. (See AH02 specifi- 
cations.) 

TABLE 7-8 INPUT SIGNAL SCALING 



CONFIGURATION 


GAIN 


INPUT 
SIGNAL 


INPUT 
IMPEDANCE 


BINARY 
OUTPUT 


OPTION 
DESIGNATION 


Standard 





-5 
-10 


10 meg. 
10 meg. 
10 meg. 


4000e 
OOOOs 
37778 


STD 


Sample and 
Hold 


-1 
-1 
-1 


- +5 



-5 


lOK 
lOK 
lOK 


37778 
OOOOg 
40008 


AH02 


Sample and 
Hold 


-V2 

-V2 
-1/2 


+ 10 


-10 


lOK 
lOK 
lOK 


37778 
OOOOs 
40008 


AH02 


Amplifier 


+ 1 
+ 1 
+ 1 


+ 5 



-5 


>100 meg. 

> 100 meg. 

> 100 meg. 


40008 
OOOOg 
37778 


AH03 


Amplifier 


+ V2 
+ V2 
+ V2 


+ 10 


-10 


>100 meg. 
>100 meg. 
>100 meg. 


40008 
OOOOg 
37778 


AH03 


Amplifier 

and Sample 

and Hold 


-1 

or 
-Vz 


+ 5 +10 

Oor 

-5 -10 


> 100 meg. 
>100 meg. 
>100 meg. 


37778 
00008 
40008 


AH03 

and 

AH02 



Note: Unipolar signals (0 to +5, or to +10V) may also be specified with 
either the AH03 or AH02 option. 
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TABLE 7-9 SYSTEM CONVERSION CHARACTERISTICS** 



SELECTED 

CHANNEL 

(A/D) 



WORD LENGTH MAX SWITCHING 
(NO. OF BITS) POINT ERROR* 



CONVERSION 
TIME 

ifiS) 






6 

7 

8 

9 

10 

11 

12 



:1.6% 

:0.8% 

:0.4% 

:0.2% 

:0.1% 

:0.05% 

: 0.025% 



9.0 
10.5 
12.0 
13.5 
18.0 
25.0 
35.0 



RANDOM OR 
SEQUENTIAL 
(MPX. &A/D) 



CONVERSION 
TIME 
(/zs)** 



11.0 ( 9.5) 

12.5(11.0) 

14.0(12.5) 

15.5 (14.0) 

20.0 (18.5) 

27.0 

37.0 



W/AH03 

AMP. 

(MPX. &A/D) 



CONVERSION 
TIME 
(ms)** ,, 



14.0(11.0) 

15.5 (12.5) 

17.0(14.0) 

18.5(15.5) 

23.0 (20.0) 

30.0 

40.0 



W/AH02 

SAMPLE & HOLD 

(MPX. &A/D) 



CONVERSION 
TIME 
(/xs)** 



19.0 (14.0) 
20.5(15.5) 
22.0 (17.0) 
23.5 (18.5) 
28.0 (23.0) 
35.0 
45.0 



*±V2 LSB for quantizing error 



W/AH03 & 

AH02 

(MPX. &A/D) 



CONVERSION 
TIME 



21.0(18.0) 
22.5 (19.5) 
24.0 (21.0) 
25.5 (22.5) 
30.0 (27.0) 
37.0 
47.0 



**lf system is to operate at less than 10 bits continuously, conversion times may be reduced to times shown in parentheses. 



A/D Converter/Multiplexer Controls 

The A/D Converter Multiplexer Controls are listed in Table 7-10 

TABLE 7^0 A/D CONVERTER/MULTIPLEXER CONTROLS 

Designation Function 

WORD LENGTH Rotary switch used to select digital word length or 

conversion accuracy. Refer to Table 7-9 for corre- 
sponding conversion times. 

POWER ON/OFF Applies 117 Vac power to internal power supplies. 

CLR Clear multiplexer channel-address registers; i.e., selects 

analog channel for conversion. 

INDEX Advances multiplexer channel-address register by one 

each time it is depressed, enabling manual addressing 
of channels (up to 64) in sequential mode. Returns 
address to zero when maximum value is reached. 

ADC Starts conversion of the analog voltage on the selected 

channel to a binary number when depressed. 

A/D CONVERTER Indicates binary contents of A/D converter register. 

MULTIPLEXER Indicates binary contents of multiplexer channel-ad- 

dress register. 

POWER Indicates ON/OFF status. 

Programming 

Programmed control of the converter/multiplexer by the PDP-8/1 [PDP-8/L] is 
accomplished with the lOT instructions listed below. The computer selects 
the converter/multiplexer with two device selection codes, depending upon 
whether conversion of multiplexing functions is being selected; SSs and 548- 
The converter/multiplexer interprets the device selection code to enable execu- 
tion of the lOP command pulse generated by the lOT instruction. 

Skip on A/D Flag (ADSF) 

Octal Code: 6531 
Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 nS 

Operation: The A/D converter flag is sensed and, if it contains a binary 1 
(indicating that the conversion is complete), the content of the PC is incre- 
mented by one and the next instruction is skipped. 
Symbol: If A/D Flag = 1, then PC -i- 1 ->► PC 

Convert Analog Voltage to Digital Value (ADCV) 

Octal Code: 6532 
Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 ^s 

Operation: The A/D converter flag is cleared, the analog input voltage is con- 
verted to a digital value, and the A/D converter flag is set to 1. The time is, 
from start of conversion to setting of the flag, is a function of the accuracy 
and word length switch setting as listed in Table 7-9. The number of binary 
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bits in the digital-value word and the accuracy of the word is determined by 
the preset switch position. 
Symbol: -> A/D flag at start of conversion, then 
1 ->■ A/D flag when conversion is done. 

Read A/D Converter Buffer (ADRB) 

Octal Code: 6534 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Operation: The converted number contained in the converter buffer (ADCB) is 

transferred into the AC left justified, unused bits of the AC are left in a clear 

state, and the A/D converter flag is cleared. This command must be preceded 

by a CLA instruction. 

Symbol: ADCB Vac -^ AC 

->■ A/D Converter Flag 

Clear Multiplexer Channel (ADCC) 

Octal Code: 6541 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /iS 

Operation: The channel address register (CAR) of the multiplexer is cleared 

in preparation for setting of a new channel. 

Symbol: -> CAR 

Set Multiplexer Channel (ADSC) 

Octal Code: 6542 

Event Time: 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /is 

Operation: The channel address register of the multiplexer is set to the 

channel specified by AC6-11. A maximum of 64 single-ended input channels 

can be used. 

Symbol: AC6-11 -> CAR 

increment Muitipiexer Channel (ADiC) 

Octal Code: 6544 

Event Time: 3 

^ndrcato^s: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Operation: The content of the channel address register of the multiplexer is 

incremented by one. If the maximum address is contained in the register when 

this command is given, the minimum address (00) is selected. 

Symbol: CAR + !->■ CAR 

The converter/multiplexer may be operated by the computer program in 
either the random or sequential addressing mode. In the random addressing 
mode, the analog channel is selected arbitrarily by the program for digitizing 
and the resultant binary word is read into the accumulator. A sample program 
for the random addressing mode is as follows: 

TAD ADDR /GET CHANNEL ADDRESS 
ADSC /AND SEND TO MULTIPLEXER 

ADCV /CONVERT A TO D 
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CLA 
ADSF 
JMP 
ADRB 



/CLEAR ACCUMULATOR 
/SKIP ON A/D DONE FLAG 
/WAIT FOR FLAG 
/AND READ INTO AC 



In the sequentialaddress mode, the program advances the multiplexer channel- 
address register to the next channel and generates an ADCV command. 

Should the converter/multiplexerbe .operated in the interrupt mode, the com- 
puter will be signaled each time that a binary word is ready, enabling the^ 
system to use-processor time more efficiently.. 

Amplifier Sampte and Hold Options for AFOIA 

AH03 Amplifier Option — The AH03 consists of a DEC amplifier (part no. 
1505379) mounted, on, an A990 Amplifier Board with appropriate scaling net- 
works and gain trim, and balaace potentiometers. 



CHARACTERISTICS 



SPECIFICATIONS 



Open loop gain 


2 + 106 


Rated output voltage 


±liy (@ 10' ma) 


Frequency response 


,- 


Unity Gain, small signal 


10 mHz 


Full output voltage 


300 kHz 


Slewing rate 


30v/^s 


Overload recovery 


200 lis 


Input voltage offset 


Adjustable to 


Avg vs temp 


20 fiW/°C 


Vs supply voltage 


15 aV/% 


Vs time 


10 /tV/day 


Input current offset 


±0.002 M 


Avg vs temp 


0.0004 pA/°C 


Vs supply voltage 


0.00015 iiA/°C 


Input impedance 




Between input 


6 megohms 


Common mode 


500 megohms 


Input voltage 


± lOV 


Max common mode 


±10V 


Common mode rejection 


20,000 


Power 




Voltage 


±15V 


Current at rated load 


3 mA 


AH02 Sample and Hold Option — A400 (standard gain options) 


Acquisition time to 0.01% 


< 12fis 



(full scale step) 
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Aperture time < 150 ns 

Hold inaccuracy (droop) < ImV/ms 

Temperature coefficient 0.1 mV/ms/°C 

Gain (negative) -1.0 

input range (volts) ±5.0V ±10.0V 

Impedance > 10 Kohms >10 Kohms 

Output voltage ±10V 

Impedance <1.0 ohm 

ACOIA Sample and Hold Option 

The ACOIA Sample and Hold Control is used in conjunction with an analog-to- 
digital converter. It provides skewless sampling of analog data from up to 
eight analog sources. Typical of varied applications for this device is the 
sampling of data from seven-track analog tape recorders. 

Included with the ACOIA is a dual 15V, 1.5A, floating, regulated power supply. 
This supply is intended to power the sample and hold modules only. Logic 
voltage must be supplied from another source. 

The option contains control logic which interprets programmed commands, 
and controls the switching of up to eight AH02 Sample and Hold options. 

Specifications — The following specifications apply to the ACOIA: 

8 Channels 

±10V (max) input voltage 

lOK (min) input impedance 

12 fis (max).track time to within 0.025% F.S. 

150 ns (max) aperture time 

< IV/s droop 

±10V (max) ouput voltage 

10 mA (max) output current 

Programming — The following instructions are used with the ACOIA: 

Random Hold (HRAN) 

Octal Code: 6571 
Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 5, F] 
Execution Time: 4.25 ixs 

Operation: The contents of AC3-5 are transferred to the channel address reg- 
ister (CHAR). The 3-bit code is decoded to address any of the 8 channels. 
Symbol: AC 3-5 ->- CHAR 1 -> Hold FF 

Simultaneous Hold (HSIM) 

Octal Code: 6572 

Event Time: 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ijls 

Operation: Simultaneously placed ail eight channels into the hold mode 

Symbol: 1 -> Hold FF's 
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Sample (SAMP) 

Octal Code: 6574 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: Places all eight channels into the sample (or track) mode. 

Symbol: ->► Hold FF's 

TYPES AF02A AND AF03A ANALOG-TO-DIGITAL SYSTEMS 

Many functional, operating, and programming similarities exist between the 
AF02A and the AF03A; therefore both systems will be included in this discus- 
sion, with the differences between the two systems being noted where 
applicable. ■ ' 

Leading Particulars 

Table 7-11 describes the leading particulars of both the AF02A and the AF03A 
systems. 

TABLE 7-11. AF02A and AF03A Leading Particulars 

FUNCTION AF02A ' AF03A 



Multiplexer unit required 


AM02 


AM03 


Controller required 


AMOS 


AMOS 


Type of input unit 


A122 single- 
ended 


Alll 3-wire floating 


Analog-to-digital converter 
computer interface 


ADC-1 and ADC-8 


ADC-1 and ADC-S 


Channel capacity 


1024 (max) 


1024 (max) 


Input Operating Voltage 


High level — 


Lowel level — 


Range 


(IV — lOV F.S.) 


(10 mV — lOV F.S.) 


Typical New Channel 


2.5 fis 


4 ms 



Selection Time 

Type of multiplexer switches FET 



Relay 



The AF02A and AF03A may be used directly with tht PDP-S/I computer. [When 
used with the PDP-S/L computer, the DWOS-A I/O Conversion Panel is 
required]. 

The AF02A system functions as a 6-12 bit ADC system with multiplexer control 
for 4 to 1024 channels of single-ended, high-level, analog inputs. Channels are 
imf)lemgnted with additional Type A122 modules. The system consists of an 
ADC-1 6-12 bit analog-to-digital converter, an ADC-8 interface, an AMOS multi- 
plexer control for 1024 channels, and an AMt)2 multiplexer and analog input 
connects. Standard options for the AF02A include the AH02, AH03, ACOIA 
(all of which are discussed in the AFOIA portion of this section), and an A122 
4-channel FET multiplexer switch. 

The AF03A system functions as a 6-12 bit ADC system with multiplexer control 
for 2 to 1024 low- or high-level, 3-wire, differential analog inputs. This system 
also uses the ADC-1 converter, ADC-S interface and the AMOS multiplexer 
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The AF03A system functions as a 6-12 bit ADC system with multiplexer control 
for 2 to 1024 low- or high-level, 3-wire, differential analog inputs. This system 
also uses the ADC-1 converter, ADC-8 interface and the AMOS multiplexer 
control; however, it uses the AM03A (in lieu of the AM02A) multiplexer with 
analog input connectors. The standard options for the AF03A are similar to 
these used with the AF02A, except that the A122 is replaced with the Alll 
which is a 2-channej guarded relay multiplex module and an optional AGOl 
differential amplifier. An optional AG02 6-range programmable gain differential 
amplifier is available. 

Subsystem Unit Descriptions 

The AMOS interfaces with the computer and is connected to the I/O bus with 
standard bus cables. The AMOS can operate up to S AM02A multiplexer mount- 
ing panels or up to 16 AM03A multiplexer mounting panels. The AMOS controls 
selection of signal switching paths in both the low- and high-level multiplexers. 
Th^e multiplexers are used to route individual analog source signals, in large 
multiples, to intermediate amplifiers prior to their conversion to digital signals. 

The AM02A high-level signal multiplexers comprise one Type 1943 Standard 
Mounting Panel and one analog-signal connector panel that routes individual 
signal sources to the input switching circuits and one common signal output 
from panel-mounted switching modules. The AM02A is used when less than 
12S high-level analog signals must be converted to their digital equivalents. 

The AM03A low-leve! signal multiplexer comprises one Type 1943 Standard 
Mounting Panel and one analog-signal connector panel that routes individual 
signal sources to the input switching circuits and one. common output that 
routes all signals from the panel-mounted switching modules. 

Both the AM02A and the AM03A multiplexers are used in conjunction with the 
AMOS multiplexer control and are intended for use in analog-signal switching 
systems where many analog signal sources must be sampled. These analog 
signal sources are sampled, either at random or sequentially, for conversion 
to their digital equivalents for subsequent use as data inputs for the computer. 

Signal multiplexers are driven by control signals from the multiplexer control. 
Each switching module in the multiplexer receives one or more analog signals 
from the signal source through preamplifiers or directly from the source trans- 
ducers. Each transducer converts any measurable physical variable to a 
continuous electrical signal that is coupled to one of the switches in the signal- 
switching module contained in the multiplexer. The common output from any 
multiplexer is applied to either an AGOl, AG02 differential amplifier or AH03 
for subsequent buffering or amplification. 

The primary purpose of the differential amplifiers is to convert double-ended 
inputs to signal'ended outputs with high noise rejection, signal buffering, 
signal attenuation, or signal amplification. 

The AGOl has a high common-mode rejection obtained from a double-ended 
input. This amplifier has a manually adjustable gain ranging from unity to 
1000. The gain can be obtained with a bandwidth control that permits band- 
vyidth selection in four decades, from DC to 10 kHz. The AG02 differs from the 
AGOl in that it has six discrete programn. ble-gain settings between unity and 
1000. The AG02 gain is controlled by the computer program. 

The ADC-1 A/D converter has convenience switches mounted on the control 
and indicator panel: a power switch, to control the AC power to the system 
and an ADC pushbutton switch to manually initiate conversion. A rotary word- 
length switch is provided to select the word length and, thus, the conversion 
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accuracy and conversion time. The panel also has 12 indicators to display the 
contents of the A/D converter buffer, and a power on-off indicator. 

Programming 

Both the AF02A and the AF03A use the following instructions: ADSF (octal 
code 6531), ADCV (octal code 6532), ADRB (octal code 6534), ADCC (octal 
code 6541), ADSC (octal code 6542), and ADIC (octal code 6544). These codes 
have been described in detail for the AFOIA. When the AF02A includes the 
ACOIA sample and hold unit, instructions HSIM (octal code 6572) and SAMP 
(octal code 6574) also apply. These codes have been described in detail for 
the ACOIA. 

TYPE AD08-A AND AD08-B ANALOG-TO-DIGITAL CONVERTER AND 
MULTIPLEXER 

Type AD08-A A/D Converter 

The AD08-A A/Cf converter is an I/O device used with the PDP-8/1 [PDP-8/L 
and DW08-A I/O Conversion Panel], for high-speed, analog-to-digital conver- 
sions. The AD08-A is capable of converting analog signals from OV to -HlOV 
in amplitude to a 10-bit digital word. The AD08-A uses the technique of suc- 
cessive approximations for data conversion with an accuracy of 0.1% ± Va 
least significant bit (LSB) for quantizing error. Dc power for both the digital 
logic and the analog logic is supplied with the AD08-A. 



General Specifications — The specifications for the AD08-A include: 



Analog input voltage (standard) 
with amplifier (option) 
with sample and hold (option) 

Input impedance (standard) 
with amplifier (option) 

with sample and hold (option) 
Digital output 



Number notation 



Word Length 

Accuracy 

Aperture time (standard) 

with sample and hold (option) 

Acquisition time 

with sample and hold (option) 

Conversion rate 
Resolution 



OVto -f-lOV full scale 
±10V max. full scale 
±10V max. full scale 

1000 ohms 

> 10,000 ohms (inverting) 

> 100 Mohms (non-inverting) 

> 10,000 ohms 

Parallel Binary 
1 = -3V 
= OV 

2's Complement 
OV = 0000 
+ 5V = 4000 
+ 10V = 7774 

10 bits fixed 

0.1% of full scale ± Va LSB 

Same as conversion time 
150 ns 



12 ;us 
100 kHz 

10 fis 

1 part in 1024 (10 mV) 
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Power Requirements and Environmental Considerations 

Warm-up time 5 min. 

Temperature Coefficient 0.5 mV/°C 

Operating Temperature to 50°C 

Input Power 115V 

60 Hz 
50 W 

The AH02 option may be used preceding tiie ADC input to reduce the effective 
aperture to less than 0.15 /zs. The AH02 may also be used to scale the signal 
input to accept ± lOV, ± 5V, or OV to -lOV. The AH03 option may be sub- 
stituted for the AH02 option to accomplish the same signal scaling, without 
reducing the effective aperture. 

The AH02 and AH03 options may also be used in combination to obtain both 
high, input impedance and small aperture. Power for the amplifier and/or 
sample-and-hold options is contained in the converter. 

Programming — The AD08-A uses the following program instructions: 

ADSF (Octal Code 6531), ADCV (Octal Code 6532), and ADRB (Octal Code 
6534). These codes have been described in detail for the AFOIA. 

Type AD08-B A/D Converter and Multiplexer 

The AD08-B is an I/O device used with the PDP-8/1 [PDP-8/L and DW08-A I/O 
Conversion Panel] for high-speed conversion of up to 16 time-shared analog 
voltages. 

Multiplexer channet selection occurs via program control, by providing a 
channel address to the multiplexer control. Two methods of selection are 
available: one uses an instruction to select a specific channel, and the other 
uses an instruction to index the address already contained in the multiplexer 
address register. In the latter case, the multiplexer returns to zero upon 

COmiTiaHu tO SuvariCc li'OiVi the iii'idi! Chanric!. oequcilCcu OpcratiOii may u6 
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An automatic conversion is generated once each time the multiplexer is 
cleared, indexed, or randomly selected. When a conversion is initiated, the A/D 
converter converts the selected analog voltage to a 10-bit binary number. The 
selected input may be sampled as many times as desired between address 
changes. A status flag indicates the end of each conversion. 

Provision is included for the addition of an AH02 or AH03 option. These options 
are used when it is desired to sample fast time-varying waveforms or for scaling 
input signal voltages. 

General Specifications — The specifications for the AD08-B include: 

Basic System 

a. 10-bit A-D Converter with input buffer amplifier 

b. Multiplexer control for up to 16 channels of analog information (the 
number of A121 multiplexer switches is optional) 

c. Complete interfacing to the PDP8, PDP-8/S, or PDP-8/L computers 
with necessary I/O cables 

d. Input analog connectors (two W023) 

e. Necessary power supplies 
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Options 

a. A121 Multiplexer Switch (four channels to a module) 

b. AH02 Sample and Hold Option* 

c. AH03 Amplifier Option* 

*Standard available input voltages are ±10V, OV to +10V, OV to -lOV, ±5V, 
OV to +5V, OV to -5V. (All gains have been preset at the factory.) 

General Performance Specifications (measured at input connectors, W023s): 



input Signal (max) 

Input impedance (typical) 

Accuracy 

Word Length 

Resolution 

Conversion Time (max) 

Aperture Time (max) 

Acquisition Time (typical) 
to 1 LSB (1 ohm source) 

Droop (max) 

Recovery Time 

Operating Temperature 

Temperature Coefficient 

Warm up time, to 0,1% 
Output notation 



Standard ' 
OV to + lOV 
100 Mohm 



With AH02 

Sample and Hold 

Option 

±10V 

100 Mohm 



With AH03 

Amplifier 

Option 

±10V 

100 Mohm 



lOlxS 

10 lis 

8/is 
N/A 
None 



0.1 % of full scale ± 14 LSB 

10 bits fixed 

1 part in 1024 (9.8 mV per step) 

10 fiS 10 lis 

10 /iS 150 /ts 

5/iS 15 lis 

N/A IV/s 

None 10 /iS 

0°Cto +50°C 

0.5 nr 
C° 

15 minutes 

2's Complement 

OV = 0000 

+ 5V = 4000 

+ 10 (-1 LSB) = 7774 

115 Vac 
47-420 Hz 
SOW 

Programming — The AD08-B operates under direct control of the central pro- 
cessor. With the exception of the one automatic conversion initiated when 
switching the multiplexer, all conversions must be generated by the program. 

Whenever the multiplexer is switched for any reason, an automatic conversion 
IS initiated. The timing for this automatic conversion allows sufficient time 
for the switch and amplifier or sample and hold option to settle to within 1 LSB 
of the newly acquired signal. , 

The AD08-B operates through the program interrupt. The only flag is A/D done 
which is set at the end of conversion and remains set until another conversion 
IS initiated or until the A/D buffer is read. 



input Voltage 
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The ADOS-B A/D converter option uses the same program instructions as 
used by the AFOIA option. These instruction codes are discussed in this sec- 
tion under the AFOIA portion. 

TYPE AF04A GUARDED SCANNING INTEGRATING DIGITAL VOLTMETER 

Description 

The Type AF04A is a Guarded Scanning Integrating Digital Voltmeter system, 
with wide dynamic range and high common-mode rejection, and is fully capable 
of expansion to 1000 channels. The AF04A is used with PDP-8/i [PDP-8/L 
and DW08-A I/O Conversion Panel] systems to multiplex up to 1000 3-wire 
analog channels into six decimal digit integrating digital voltmeter (IDVM). 
Each digit is BCD coded for input and display by the IDVM. Full scale ranges 
are from ±10 mV to ±300V, with automatic ranging, 300 percent overranging, 
and a usable 5/iV resolution. Guarded input construction and active integration 
assist in attaining an effective common-mode rejection of greater than 140 dB 
at all frequencies. (Normal-mode rejection is infinite at multiples of power line 
frequency.) 

This system is ideally suited for data acquisition or process monitoring where 
a wide range of signals requires large dynamic range. The lOmV range has 
0.001 percent resolution, and, coupled with a common-mode noise rejection 
greater than 140 dB at all frequencies, allows accurate direct measurement of 
thermocouples, strain gauges, load cells, and other low-level transducers with- 
out additional amplification. 

The AF04A IDVM, operated under program control, is capable of either random 
channel selection or sequential channel selection. The computer selects either 
program-controlled ranging (for fastest speed) or auto-ranging, as well as the 
integration time of the integrating digital voltmeter. 

The digitized data, as well as the current channel address, is read by the 
computer in either two or three bytes. 

A decimal display of the digitized value, including sign and decimal location, 
is continuously displayed on the front panel. The current channel number is 
aiso Qispiayea. rroni-panei cuiiLruib un mc iiwivi anuw lui mciiiucii oo>.v.>.g, «. 
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of the internal secondary standard, which can be prewired to a particular 
channel for reference checking during normal operation. The AF04A may be 
manually controiied, completely independent of the computer. 



Specifications 

Characteristic 
Full scale ± 

Over-ranging 

Maximum Input Voltage 

Resolution 

Accuracy (overall worst case 

with daily calibration temperature) 

Stability ^MS full scale and zero 

drift) 

Temperature coefficient 

Full scale 

Zero 

Line voltage stability 



Specification 

lOmV, lOOmV, IV, lOV, lOOV, 300V, 

and automatic ranging 

300% on all but highest range 

300V 

5mV (usable), 0.1/iV (LSB) 

±0.004% of reading 

±0.01%, of full scale ±5mV 

±0.006% /day 

±0.003% of reading/°C 

±0.002% of full scale/°C 

(±0.006% of full scale /°C on lOmV 

and IV range) 

±0.0005%71D%, change 
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Maximum common-mode 

voltage 

Common-mode rejection 

(166.6ms integration period 

and 1000-oiim source unbalance) 

Normal-mode rejection 

Input impedance 

10, 100, 1000 mV ranges 

10, 100, 300V ranges 
Internal secondary standard 
Value 
Accuracy 

Stability 

Temperature coefficient 

Selected Resolution 



±300V from power line ground 
>140 dB at all frequencies 

infinite at multiples of line frequency 

1000 megohms/V 
10 megohms 

±1.000V 

±0.002% traceable to National Bureau 

of Standards. 

±0.005% /month 

negligible 



0.001% 



0.01% 



0.1% 



DC Voltage Maximum Resolution Maximum Resolution Maximum Resolution 
Range Reading Reading Reading 



lOmV SO.OOOOmV 


0.1/xV 030.000mV 


1/zV 


0030.00mV 


10/iV 


lOOmV SOO.OOOmV 


1/xV 0300.00mV 


10/iV 


00300. OmV 


100/iV 


lOOOmV SOOO.OOmV 


10/zV OSOOO.OmV 


lOO^V 


003000. mV 


ImV 


lOV 30.0000V 


100/iV 030.000V 


ImV 


0030.00V 


lOmV 


lOOV 300.000V 


ImV 0300.00V 


lOmV 


00300.OV 


lOOmV 


lOOOV* 0300.00V 


lOmV 00300.0V 


lOOmV 


000300.V 


IV 


lOOOV range is scanner 


-limited to 300V peak 


maximurr 


1 




Scanning Speed 










(Programmed Range) 












Integration 


Total 


Speed 


Resolution 


Time 


Time 


Scanning 


0.1% 


1.6 ms 


20 ms 


50 c 


h/s 


0.01% 


16.6 ms 


40 ms 


25 c 


:h/s 


0.001% 


166.6 ms 


188 ms 


5ch/s 



Scanning Speed (Auto-Range) -^ Add 6-36 ms depending on per-channel 
voltage span. 

instructions 

The lOT commands associated with the scanning IDVM are designed to mini- 
mize the computer overhead associated with this option, while retaining maxi- 
mum program controlled flexibility. The lOT instructions are: 

Select Range and Gate (VSEL) 

Octal Code: 6542 
Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 iis 

Operation: The contents of the accumulator are transferred to the AF04A con- 
trol register. 
Symbol: C(AC) -> C(VCR) 
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Control Word 1 (from PDP-8/1 [R3P-8/L]) 








1 


2 


3 


4 


5 


6 


7 


8 9 


10 


11 




t 


1 


' 


t 


t 


t 




J V J 


1 




-r- - - - V 


Select AC 


DC 


n 


F 


P 


Option 




Range Gate Time 
















Resolution 










i Scanner 


















Reset 













Control Word 1 used only if a range change is required. 

Select Channel and Convert (VCNV) 

Octal Code: 6541 
Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 ms 

Operation: The contents of the accumulator are transferred to the AF04A 
channel address register. The analog signal on the selected channel is auto- 
matically digitized. 
Symbol: C(AC) -> C(VAR) 



Control Word 2 (from PDP-8/1) [PDP-8/L] 






i 
1 1 2 


3 


4 


5 


6 


7 


8 


9 


10 


11 


i 


102 






10" 






100 


J 



unannei aeieci 

Index Channel and Convert (VINX) 

Octal Code: 6544 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /ts 

Operation: The last channel address is incremented by one and the analog 

signal on the selected channel is automatically digitized. The contents of the 

control register are unchanged. 

Symbol: VAR + 1 -> VAR 

Skip on Data Ready (VSDR) 

Octal Code: 6561 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 iis 

Operation: When the scanning voltmeter has selected a channel and digitized 

the analog signal, a data ready flag is set. This instruction is used to test for 

the data ready flag. 

Symbol: If Flag = 1, then PC + 1 -> PC 
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Read Data and Clear Flag (VRD) 

Octal Code: 6562 
Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 /xs , 

Operation: The content of the selected byte of the IDVM output word is trans- 
ferred to the accumulator and the data ready flag is cleared. The first data 
available after the flag is set is always byte 1. Subsequent bytes are prograhi- 
selected using the byte advance command. 
Symbol: C(VOR) -> C(AC) 



Data Word (to PDP-8/1 [PDP-8/L] Byte 1 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 



S,r^^ 


Y 


SIGN 


RANGE 




io~x 




X=0-7 



OPTION 



10= 



10' 



DIGITIZED VOLTAGE 



J 



Data Word (to PDP-8/1 [PDP-8/L]) Byte 2 






1 


2 

« 


3 


4 


5 


6 


7 


8 


9 


10 


11 



10- 



10' 



y 

DIGITIZED VOLTAGE 



101 



J 



Data Word (to PDP-8/1 [PDP-8/L]) Byte 3 






1 


2 


3 


4 


5 


6 


7 


8 


9 


10 


11 



10^ 



V 

DIGITIZED VOLTAGE 



J^ 



10 



10'- 



y 

CURRENT CHANNEL 



J 



All address and digitized data are in 8-4-2-1 BCD format. 

Byte Advance (VBA) 

Octal Code: 6564 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 
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Execution Time: 4.25 /xs 

Operation: The total data word from the AF04A is 36-bits long. The first data 
word after the flag is set, is always the 12 most significant bits. The BYTE 
ADVANCE command. requests the next 12 most significant bits. When the data 
is available, the data ready flag is set again. To select the 12 least significant 
bits, a second BYTE ADVANCE command is required. When the data is avail- 
able, the data ready flag is set again. 
Symbol: C(VOR0-12) ■>■ C(VOR13-23) or 
C(VOR13-23) -> C(VOR24-35) 

Sample Current Channel (VSCC) 

Octal Code: 6571 
Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 /is 

Operation: The analog signal on the current channel is digitized. This com- 
mand is not required except when multiple samples are required on any 
channel. (Using this command on a preselected channel saves up to 10 ms 
per sample.) 
Symbol: None 

FREQUENCY AND PERIOD MEASUREMENT OPTIONS FOR AF04A 

A separate input permits the IDVM to be used as a frequency counter capable 
of counting to 2 mHz with selectable gate times of 1, 10, and 100 ms, pro- 
viding measurement resolution of 10 Hz. Increased accuracy at low frequencies 
(to 10 kHz with automatic 250% over-ranging) is accomplished with the period- 
measurement mode. This mode counts an internal frequency source for 1, 10, 
or 100 periods of the frequency being measured, thereby providing increased 
full-scale accuracy. Period readout is in milliseconds. Frequency and voltage 
measurements may be made within one scanning cycle by grouping all fre- 
quency inputs in one master or slave scanner and all voltage inputs in another 
master or slave scanner. The output of one scanner may then be connected to 
the frequency^nput connector of the IDVM and the output of the other scanner 
to the voltage input. One of the optional control word bits is used to program 

Specifications 

Frequency Measurements 

Range: 10 Hz to 2 mHz 

Sensitivity: 100 mV rms or -IV pulses, at least 0.3/(s wide at 50% points. 

lOOV rms maximum working voltage. 

Input Impedance: 22Kn shunted by less than 1000 pF, including internal 

cabling. 

Accuracy: ±1 count + time base accuracy. 

Time Base: 100 kHz crystal oscillator with initial accuracy of ±0.0005%, 

long-term stability ±0.001 %/wk; temp, coefficient ±0.0002%/°C. 

Period Measurements 

Range: 1, 10, and 100 period average. Input frequency from 10 Hz to 25 kHz 

sine wave or 0.1 pps to 25,000 pps. 

Sensitivity: 100 mV rms or -IV pulses, at least 0.3,«s wide at 50% points. 

lOOV rms maximum working voltage. 

Input Impedance: 22kn shunted by less than 1000 pF, including internal 

cabling. 

Accuracy: ±1 count 4- time base accuracy -f trigger error. Trigger error 

<±0.03% for 100 mV rms sine wave with 40 dB signal-to-noise ratio. 

Time Base: 100 kHz crystal oscillator with initial accuracy of ±0.0005%, 

long-term stability ±0.0001 %/wk; temp, coefficient ±0.0002%/°C. 
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Selected Resolution 



Selected 
Resolution 


0.001% 


0.01% 


0.1% '^ 


Function 


Maximum 
Reading 


Resolution 


Maximum 
Reading 


Resolution 


Maximum 
Reading 


Resolution 


Frequency 


2000.00kHz 


lOHz 


02000.0kH2 


lOOHz 


002000kHz 


IkHz 


Period 


99.9999msec 


O.Us 


999.999msec 


I.OmS 


9999.99msec 


10/.S 



Additional AF04A Options 

A Type AF04X Expansion Mounting Panel is available which provides an addi- 
tional 200 channels. Fof each 10 channels implemented, the Type AF04S 
10-Channel Guarded Reed Relay Multiplexer Switch is required. 

These options, as well as those listed below, may be obtained by contacting 
the nearest office of Digital Equipment Corporation: 

Frequency (period) measurements 

AC/ohms/DC Converter 

Time-of-day clock 

Thumb-wheel data entry panel 

Thermocouple reference junctions 

Extended scanner for more than 1000 channels 

Special cabinet with roll-out drawer chassis accessibility. 



SECTION 7-9 DIGITAL-TO-ANALOG CONVERTERS 

TYPE AAOIA DAC 

The AAOIA general-purpose DAC converts 12-bit binary output values to analog 
output values. When the AAOIA DAC is used with the PDP-8/L computer, the 
DW08-A I/O Conversion Panel must also be used as an interface between the 
DAC and the computer. The basic converter consists of three channels, each 
containing a l2-bit buffer and a DAC. Inputs to all three channels are received 
in parallel from the computer AC bus. A loading instruction determines which 
of the three channels is to be loaded with a 12-bit character. Appropriate 
precision reference- voltages are provided for the converter circuits to provide 
precise voltage outputs. 

An lOT instruction simultaneously selects one of the three converter channels 
and transfers a 12-bit character into the channel buffer. The channel converter 
operates continuously on the content of the associated channel buffer to pro- 
vide an output voltage that is an analog value of the buffered character. 

The AAOIA DAC options can be specified in a wide range of basic configura- 
tions; e.g., one to three channels, with or without output operational amplifiers, 
and with internally or externally supplied precision reference voltages. Con- 
figurations with double buffer registers in each channel are also available. 
Double buffering allows data to be stored for transfer at a later time to the 
AAOIA. 

Each single-buffered converter channel is operated by a discrete instruction. 
Device selection codes 55, 56, and 57 are assigned to the DAC, enabling 
selection of nine single-buffered channels or various configurations of single- 
and double-buffered channels. The instruction for outputting data to the DAC is: 
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Load Diglta!-to-Ana!og Converter l(DALl) 

Octal Code: 6551 (where 55 selects channel 1) 

Everft Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ,us 

Operation: The character in the accumulator is loaded into the channel 1 

buffer. The DAC then converts the buffered value to the analog equivalent. 

Symbol: AC -> DACl 

NOTE: 



Similar instructions for DAL2 and DAL3 load respective DACs. 

The analog output voltage of the DAC ranges from ground (OV) to -9.9976V 
(other voltages are available by use of AH03 output operational amplifiers. 
All computer output characters are assumed to be 12 bits in length with 
negative numbers represented in two's complement notation. A character code 
of AOOOg yields an analog output of OV; a code of OOOOg yields an output of 
-5V; and a code of 7778 yields an output of -lOV (nominal), minus the 
analog value of the least significant bit. Output accuracy is ±0.0125% of full 
scale and resolution is 0.025% of full scale value. Response time, measured 
directly at the DAC output, is 3 ,«s for a change of a full-scale step minus one 
least significant bit. 

TYPE AA05/AA07 DIGITAL-TO-ANALOG CONVERTER/EXPANSION UNIT 

The AA05 Digital-to-Analog Converter (DAC) and control provides housing, 
power, and control for up to 24 10-bit DAC modules. The AA07 Expansion 
Unit extends the capacity of the system to 64 channels of DAC. 

Each conversion channel may use any of the four printed circuit card DAC 
modules. These modules include two single-buffered units. Types A608 and 
A609, and two double-buffered units, Types A610 and A611. A608 is a single- 
buffered, 10-bit DAC, with unipolar output (OV to +10V). Type A609 is a 
single-buffered, 10-bit DAC with bipolar output and variable offset. A610 and 
A611 are similar to A608 and A609, respectively, except that the former are 
double-buffered uniib. 

The principal power supply furnishes all power for up to 64 DAC modules, 
with the exception of the -lOV reference poweri Reference power is furnished 
by the Type H705 Reference Power Supply which is optional to the AA05/AA07 
unit. A maximum of five H706 supplies can be allocated to the various DAC 
channels, two of which are in the AA05 and three of which are in the AA07. 

The AA05/AA07 DAC and expansion unit is used with the PDP-8/1 [PDP-S/L] 
computers to control up to 64 DAC channels. [When the AA05 DAC is used 
with the PDP-8/L computer, the DW08-A I/O Conversion Panel must also be 
used as an interface between the DAC and the computer.] Both the DAC 
address and the digital word to be converted are program-controlled as two 
I/O data words for 12-bit computers. The DAC address is stored in the AA05 
and remains there until changed by the program for fast updating of any 
channel. 

Six indicators on the front panel of this device indicate the binary address of 
the DAC channel currently being addressed. All data bits and 1/0 transfer 
commands are buffered to present a minimum load to the computer bus even 
with 64 DACs in use. The AA07 expansion assembly allows expansion to 64 
single- or double-buffered DACs. 
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The AA05/AA07 consists of a 10-bit buffer register, level converters, a preci- 
sion divider network, and a current-summing amplifier capable of driving 
large external loads. Provisions are made for double-buffering and bipolar 
output voltage where required. A precision reference voltage, supplied ex- 
ternally by the H706 power supply, ensures greater efficiency 'and optimum 
scale-factor matching in multiple-channel systems. 

Software differences exist between the AA05/AA07 and the AA01/AA04 DAC 
systems. Where the AA01/AA04 employs only one basic instruction for each 
of three channels (DALl, DAL2, or DAL3), the AA05/AA07 DAC utilizes four 
separate instructions. These instructions clear the DAC address register, trans- 
fer the contents of AC0-9 to the input register of the selected DAC, and update 
all double-buffered channels (if applicable). 



SECTION 7-10 COMMUNICATIONS SUBSYSTEMS 

The communications subsystems available as options to the PDP-8/1 and the 
PDP-8/L include the DPOIAA Synchronous Modem Interface and the PT08 
Asynchronous Serial Line Interface. For the PDP-8/1, a complete communica- 
tions system, designated the 680/1, can be built up by using the DL8/I and 
DC08 options. For the PDP-8/L the communications subsystem option DC02A 
Multiple Asynchronous Line Unit control is available. 

MODEL DPOIAA SYNCHRONOUS MODEM INTERFACE 

The DPOIAA is an interface between the computer and a full- or half-duplex 
serial synchronous modem having interface characteristics compatible with 
EIA RS-232-B standards. An XOB (exclusive OR) option. Type DPOIE, adds a 
non-memory reference XOR command "to the computer, to facilitate special 
character detection and longitudinal message parity generation. 

Functional Description 

The DPOIAA consists of two independent channels for interfacing to a syn- 
chronous modem. One channel is designated as the send channel and the 
other is designated as the receive channel. Basically, this unit converts parallel 
characters to a serial bit stream for the send channel and, conversely, converts 
serial bit streams to parallel for the receive channel. 

In synchronous communication systems, continuity in character flow has to be 
maintained. To ease the software burden, input and output are double-buffered 
so that response time is equal to a character length instead of a bit length. 

Character synchronization between the DPOIAA and the distant station is 
established by a unique sync character. Once a sync character is detected, the 
receiving channel assembles every 6, 7, 8 or 9 successive bits to form a 
character. 

Data Format 

Serial data is transmitted and received continuously once synchronization is 
achieved. The transmission format consists of sync characters (three in suc- 
cession are recommended), followed by the characters which make up the 
text of the message. Character lengths of 6, 7, 8 or 9 bits are selected by a 
pre-wired patch plug, to allow the DPOIAA to communicate with remote sites at 
various word lengths. Sync characters provide a frame reference at the start 
of every message to enable a receiving terminal to determine which successive 
bits in the incoming serial stream make up each character. When the DPOIAA 
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rgrgiyg chsHHe! Tecognizes 3 sync character, it assembles every N bits in a 
buffer (N = 6, 7, 8, or 9). Sync characters employed by the DPOIAA are: 



Bits Per Character 

6 

7 
S 
9 



Sync Characters 

' 010 110 

010 110 

010 010 110 



Specifications 

Speglfications for the DPOIAA are listed in Table 7-12. 



Requirement 
Type of Channel 
Speed 
Interface 
Data Format 



Data Sets 



Table 7-12 DPOIAA Specifications 

Specification 

Serial synchronous, half- or full-duplex 

Function of modem being used 

Conforms to EIA standard RS-232-B 

6-, 7; 8-, or 9-bit serial characters selected by pre- 
wired plug-in connector; unique sync character code 
for each character length; least significant bit is trans- 
mitted and received first. (Sync codes are listed above.) 

Partial list of data sets which are compatible with the 
DPOIAA includes: 

Type Speed (Baud) 

Bell201A 2K 

Bell 201B 2400 

Bell 205B 600, 1200, 1800 

!-»:.,. rn/1 in T OHH 

rXIAUIl I IVl-J.^ X£-\J\J 

pjvrvr. Qohif 4S AROO 



operating Function 



GETDM Series 
Lenkurt 26C 



2400 
150-2400 



Character length-selection connector is installed in con- 
trol logic assembly to determine whether 6-, 7-, 8-, or 
9-bit characters will be supplied. 



Programming 

The following lOT commands are assigned to the DPOIAA: 

Skip on Transmit Flag (STF) 

Octal Code: 6611 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 us 

Operation: Cause§ the program to skip the next instruction if the transmit flag 

is in the state. When the transmit flag is in the 1 state, the transmit buffer 

register (TB) is ready to accept another character. 

Symbol: Transmit flag = 0, PC + 1 -> PC 

Transmit flag = 1, PC ■+- 1, TB ready to receive next character. 
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Clear Transmit Flag (CTF) 

Octal Code: 6602 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /iS 

Operation: Resets the transmit flag. If transmit active flag is set, CTF also 

causes the program to skip the next instruction. 

Symbol: ->- transmit flag 

If transmit active flag = 0, PC + 1 ->► PC 

Transmit A Character (TAG) 

Octal Code: 6601 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Operation: Causes the contents of the AC (6, 7, 8, or 9 bits right-justified) to 

be transferred into the TB. 

Symbol: AC -> TB 

Clear idle Mode (CIIVl) 

Octal Code: 6604 

Event Time: 4 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fiS 

Operation: Resets the transmit logic idle mode (IM) flip-flop. 

Symbol: -> IM 

Set Idle Mode (SIM) 

Octal Code: 6614 

Event Time: 4 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /xs 

Operation: Sets the transmit idle mode (IM) flip-flop. 

Symbol: 1 -> IM 

Skjp on Receive Flag (SRF) 

Octal Code: 6651 

Event Time: 1 

Indicators: lot. Fetch, Pause [IR == 6, F] 

Execution Time: 4.25 /iS 

Operation: Causes the program to skip the next instruction if the receive flag 

is zero. The flag is set when a received character is ready for transfer to the 

AC and the flag is cleared when an RRB instruction is issued. 

Symbol: Receive flag = 0, PC -f 1 -> PC 

Read Receive Buffer (RRB) 

Octal Code: 6612 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fts 

Operation: Transfers the contents of the receive buffer (RB) (6, 7, 8, or 9 bits 

right-justified) to the computer AC. RRB also resets the receive flag. 

Symbol: RB ^^ AC 

-^ Receive flag 

Skip on Receive End Flag (SEP) 

Octal -Code: 6621 
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Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] > 

Execution Time: 4.25 ^s 

Operation: Causes the program to skip the next instruction if the receive end 

flag is a zero. (The receive end flag flip-flop is set when the receive logic 

has stopped receiving serial data from the communications equipment due to 

termination of the serial clock receive pulse train.) 

Symbol: Receive end flag = 0, PC + 1 ->► PC 



Clear End Flag (CEF) 

Octal Code: 6622 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 jus 

Operation: Clears the Receive End flag. 

Symbol: ->- Receive End flag. 

Set Ring Enable (SRE) 

Octal Code: 6624 

Event Time: 4 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 iis 

Operation: Sets the ring enable (RE) flip-flop to a one which permits the ring 

flag to request a program interrupt. 

Symbol: 1 -> RE 

Ring flag requests program interrupt 

Clear Ring Enable (CRE) 

Octal Code: 6644 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: Clears the ring enable (RE) flip-flop. 

Symbol: ^^ RE 

Skip on Ring Indicator (SRI) 

Octal Code: 6631 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /xs 

Operation: Causes the program to skip the next instruction if the ring flag is 

a 0. The ring flag is set (1) when a ring input is received. 

Symbol: Ring flag = 0, PC + 1 ^^ PC 

Clear Ring Flag (CRF) 

Octal Code: 6632 

Event Time: 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ys 

Operation: Clears the ring flag. 

Symbol: 0-> Ring flag 

Set Terminal Ready (STR) 

Octal Code: 6634 
Event Time: 3 



iO^ 



Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis 

Operation: Sets the terminal ready (TR) flip-flop to the 1 state. This causes 

the terminal ready lead to the modem to be set to the ON state. 

Symbol: 1 -> TR 

Clear Terminal Ready (CTR) 

Octal Code: 6642 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /is 

Operation:, Resets the ring enable (RE) flip-flop to the state. This causes the 

terminal ready lead to the modem to be set to the OFF state. 

Symbol: 0->- RE 

Skip on Data Set Ready (SSR) 

Octal Code: 6641 
Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 ixs 

Operation: Causes the program to skip the next instruction if the data-set- 
ready lead from the modem is in the ON state. 
Symbol: Communications equipment ready? If yes, PC -I- 1 ->- PC 

Clear Receiver Active (CRA) , 

Octal Code: 6652 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: Clears the receive active (RA) flip-flop, taking the receive logic out- 

of the active state. This inhibits any more receive flags until a new sync 

character is received. 

Symbol: ->► RA 

The following command pertains to the exclusive OR buffer (XOR) option: 

Clear XOR Buffer (COB) 

OctaJ Code: 6661 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /is 

Operation: Clears the XOR buffer. 

Symbol: 0^ XOR 

Idle/Non-ldle Modes 

In the normal non-idle mode of operation, selected by the CIM command, the 
DPOIAA will stop transmitting (hold the transmitted data line in the binary 1 
condition and set the request-to-send lead to the modem to the OFF state), if 
a new character is not available for transmission (indicate skip on clear trans- 
mit flag). An alternate idle mode can also be set up by the SIM command. In 
the transmit idle mode, when a new character is not available, an idle character 
transmission is repeated (the last character that was transmitted). 

Clear Receive Active 

In a number of applications, it is desirable for the remote station or terminal 
to idle the transmission line by sending idle characters to the DPOIAA between 
valid data messages. The clear receive action commands put the receive logic 
out of sync, thus requiring a new sync character to be seen before causing any 
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receive flags to be set. This feature prevents idle characters from causing 
program interrupts. 

XOR Options 

This option (Type DPOIE) adds a non-memory reference XOR (Exclusive OR) 
command to the computer, to facilitate special character detection and longi- 
tudinal message parity generation. 

Inclusive OR Buffer (lOB) 

Octal Code: 6664 

Event Time: 3 

Indicators: lot, Fetch, Pause [iR = 6, F] 

Execution Time: 4.25 ns 

Operation: Transfers Is from the AC to the buffer register (BR). 

Symbol: AC V Is BR 

Read OR Buffer (ROB) 

Octal Code: 6662 

Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ns 

Operation: Transfers the buffer register (BR) content to the AC. 

Symbol: 1 V ACi„ 

Exclusive OR Buffer (XOB) 

Octal Code: 6654 

Event Time: 3 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 jis 

Operation: Causes an Exclusive OR of the AC with the buffer register (BR). 

Symbol: AC V BR 

The result is in the Buffer register. 

Maintaining Transmit Data Stream 

Since the DPOIAA operates in a bit-synchronous mode, data must be made 
avaiiabie for transmission as it is needed. Since "every in bits are assembled 
to form a character, an extra or dropped bit wiii cause a faulty character at the 
receiving station. The DPOIA safeguards against interruptions in the character 
pattern by double buffering and by program interrupt requests for new 
characters. 

As the last bit of each character is transmitted, the character in the transmit 
buffer register is automatically loaded into the output shift register, and a 
"transmit flag" is set, causing a program interrupt. The program responds 
with a TAC instruction that loads a new character into the transmit buffer 
register. This method allows a full character time for the program to update 
the buffer character. The transmit flag is reset by a CTF instruction after the 
character has been delivered. 

TYPE PT08 ASYNCHRONOUS SERIAL LINE INTERFACE 

The PT08 is a serial-to-parallel, parallel-to-serial converter which provides full- 
duplex communication between an asynchronous channel and a PDP-8/1 or 
PDP-8/L computer. Two basic configurations are offered: PT08B (one full- 
duplex channel) and PT08C (two full-duplex channels). Systems may be 
expanded up to five duplex channels by stacking PT08 units. 

The PT08B and C are designed to supply transmit and receive keying current 
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that is intended for use with 20 mA, dc-keyed devices. Digital Equipment 
Corporation's Model 33 or 35 teleprinter units have been modified to be 
compatible with the PT08. Devices equivalent to the modified teleprinter units 
are also compatible with the PT08. 

Any PT08 channel can be modified by the PT08F option for compatibility with 
EIA standard RS-232-B interface logic levels. Another option, the PT08X, can 
be installed in any channel for customer selection of character format and 
speed. With the PT08F and PT08X options combined, the bit rate can be 
increased to lOOK baud for driving medium- to high-speed asynchronous 
modems. This combination can be used for an economical inter-computer 
communication channel or for interfacing to special equipment with unique 
asynchronous speeds and character formats. (Modem interfaces are for data 
transmission only.) 

Specifications 

Performance specifications are summarized in Table 7-13. 

Table 7-13. PT08 Specifications 
Characteristics Specifications 

SP^ed 110 baud is standard; up to lOOK (software 

limited) with PT08X option. 

Character Format Standard: 8 character bits; 2-unit stop ele- 

ment. 

PT08X Option: 5 or 8 character bits, 1- or 1.5- 
unit stop element at user's request. 

Operating Mode Full duplex. 

Interface Standard: Supplies transmit and receive key- 

ing current that is intended for use with 20 
mA, dc-keyed devices. 

PT08F Options: Provides interface that con- 
forms to EIA RS-232-B devices. 

Transmission Distance 1500 ft. maximum (environment dependent) 

for local terminals. 

EIA interface transmission distance is limited 
only by characteristics of modem and asso- 
ciated communication facility. A 25-ft. cable 
to the modem is supplied. 

Figure 7-10 illustrates the various PT08 equipment configurations for both the 
standard system expansion and interface provisions. 

Programming 

The following lOT instructions test for character-ready conditions and transfer 
assembled characters to and from the computer's accumulator. The same 
basic commands are used for all channels, with individual channels assigned 
different device selection codes. The device codes for the basic PDP-8/1 tele- 
printer are 03 and 04; for PT08 channel 1, the devices codes are 40 and 41; 
etc. (see Table 7-14 for complete listing of PT08 device codes). The basic 
mneumonic plus the PT-number designator identifies the mneumonic for the 
specific channel. 

PT08F Option — This option consists of an adapter which can convert any 
PT08 channel to compatible interfacing with the EIA RS-232-B (Dataphone or 
equivalent) modems. The modems often used with the PT08 consist of the 
Dataphone/teleprinter. A significant difference between the characteristics of 
the teleprinter used with the PT08 and that used with the PT08F option are 
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that the teleprinter used with the PT08B or C receive station is clutched to the 
PT08; whereas, the receive (or read) section of the teleprinter is not clutched 
to the PTOF when that option is used. This unit does not control other modem 
leads such as: request to send on half-duplex facilities. The terminal-ready 
signal is forced on. 
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Figure 7-10. PT08 Equipment Configurations 
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PT08X Option — This option can be installed in any channel for user's selec- 
tion of character format and speed. 

Instructions 

The following instructions are used with the PT08: 





Table 


7-14. PT08 Device Codes 






BASIC 




CHANNEL 


NUMBER 






MNEUMONIC 


1 


2 


3 


4 


5 


KSF 


6401 


6421 


6441 


6461 


6111 




KSFPTl 


KSFPT2 


KSFPT3 


KSFPT4 


KSFPT5 


KCC 


6402 


6422 


6442 


6462 


6112 




KCCPTl 


KCCPT2 


KCCPT3 


KCCPT4 


KCCPT5 


KRS 


6404 


6424 


6444 


6464 


6114 




KRSPTl 


KRSPT2 


KRSPT3 


KRSPT4 


KRSPT5 


KRB 


6406 


6426 


6446 


6466 


6116 




KRBPTl 


KRBPT2 


KRBPT3 


KRBPT4 


KRBPT5 


TSF 


6411 


6431 


6451 


6471 


6121 




TSFPTl 


TSFPT2 


TSFPT3 


TSFPT4 


TSFPT5 


TCF 


6412 


6432 


6452 


6472 


6122 




TCFPTl 


TCFPT2 


TCFPT3 


TCFPT4 


TCFPT5 


TPC 


6414 


6434 


6454 


6474 


6124 




TPCPTl 


TPCPT2 


TPCPT3 


TPCPT4 


TPCPT5 


TLS 


6416 


6436 


6456 


6476 


6126 




TLSPTl 


TLSPTZ 


TLSPT3 


TLSPT4 


TLSPT5 



Skip on Receive Flag (KSF) 

Event Time: 1 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 /iS 

Operation: Causes the program to skip the next instruction if the receive flag 

is set, indicating that an assembled character is ready. 

Symbol: If receive flag = 1, PC 4- 1 -> PC 

Clear Receive Flag and AC (KCC) 

Event Time: 2 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 /iS 

Operation: Clears the accumulator and the receive flag. 

Symbol: ->- AC, 0-RF 

Read Receive Buffer (Static) (KRS) 

Event Time: 3 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 fis 

Operation: Transfers an assembled character from the receive buffer to AC 

4-11. Does not reset AC or receive flag. 

Symbol: RB ->► AC 4-11 

Read Receive Buffer (Dynamic) (KRB) 

Event Time: 2, 3 
Indicators: lot. Fetch, Pause 
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Execution Time: 4.25 /is 

Operation: Performs the functions of KCC and KRS together, so that the 
receive flag and AC are cleared before data is transferred from the receive 
buffer to the AC. 
Symbol: O-^- AC, 0->- RF 
RB ^^ AC 4-11 

Skip on Transmit Flag (TSF) 

Event Time: 1 

Indicators: lot,' Fetch, Pause 

Execution Time: 4.25 us 

Operation: Causes the program to skip the next instruction if the transmit 

flag is set, indicating that the transmit buffer is ready for another character. 

Symbol: If transmit flag = 1, PC + 1 -^ PC - 

Clear Transmit Flag (TCF) 

Event Time: 2 
Indicators: lot, Fetch, Pau^e 
Execution Time: 4.25 iiS 
Operation: Resets the transmit flag. 
Symbol: -> TF 

Load Transmit Character (TPC) 

Event Time: 3 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 ^s 

Operation: Loads the transmit buffer from AC 4-11 and initiates transmission 

of a character. 

Symbol: AC 4-11 -> TB 

Load Transmit Sequence (TLS) 

Event Time: 2, 3 
Indicators: lot, Fetch, Pause 
Execution Time: 4.25 ^s 

r^norafinn- 0ckrir%rrtryc^ +I->q f i in^f ir^r->«» <-»f TP'C -ra*-**-! TD*^ i-^mr\+i^^^ 

Symbol: -^ TF 

AC 4-11 ^-TB 

Maximum Data Rates 

In transmitting the PTOS provides a full character cycle for the program to 
deliver new data. In receiving one bit-time is required to read in necessary 
data. However, for maximum data transfer rates, the time at which data 
transfer can occur is limited to an aperture equal to the stop bit time plus half 
a bit time. This response time is measured from the beginning of a stop bit 
(the time at which the transmit or receive flag is reset), and the midpoint of 
the next character's start bit. If the program fails to respond within this time, 
a character is lost. Timing is illustrated in Figure 7-11. 

MODEL DC02 MULTIPLE ASYNCHRONOUS LINE UNIT 

The DC02 option for the PDP-8/L allows the user to add from one to four 
serial-to-parallel, parallel-to-serial asynchronous channels. The DC02 is a pre- 
wired option in the BA08 Peripheral Expansion Unit and is used in the PDP-8/L 
computer. The DC02 option consists of: the DC02A Serial Line Interface control 
and from one to four DC02D Line Interface Units (each full-duplex). The 
DC02D Line Interface Units are designed to supply transmit and receive keying 
current that is intended for use with 20 mA dc-keyed devices. Digital Equipment 
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START 



BIT TIME 
(1/SAUD RATE) 

DATA BITS 



CHARACTER 
TIMING 



TRANSMIT OR 
RECEIVE FLAG RESET 




STOP BIT TIME 

(BIT TIME X STOP UNITS) 



DATA BITS 



LAST TIME TO 
RESPOND TO FLAG 



Figure 7-11. PT08 Program Response Time 

For example, at 110 baud (9.09 ms bit time), response time is: 
Stop bit time + half a data bit time 
= 2 X 9.09 + 9.09/2 
= 22.725 ms 

Note that the number of bits per character need not be considered. 



Corporation's Model 33 or 35 teleprinter units have been modified to be 
compatible with the DC02A. Equivalent devices to the modified teleprinter 
units are also compatible with the DC02A. 

Any DC02A channel can be modified by the DC02DA Format Speed option to 
specify the speeds of lines 1 and 2 or lines 3 and 4 and the format of each 
line unit. A Type BCOlA-25 Modem Interface Adapter is available for modifying 
any DC02A for compatibility with EIA standard RS-232-B interface logic levels. 
With the DC02DA and BCOlA-25 options combined, the bit rate can be in- 
creased to 125K baud for driving medium- to high-speed asynchronous 
modems (modem interfaces are for data transmission only). 



Characteristics 
Speed 

Character Format 



Operating Mode 
Interface 

Transmission Distance 



DC02 Specifications 

Specifications 

110 baud is standard; up to lOOK (software 
limited) with DC02DA option. 

Standard: 8 character bits; 2-unit stop ele- 
ment. 

DC02DA option: 5 or 8 character bits 1- or 
1.5-unit stop element at user's request. 

Full duplex. 

Standard: Supplies transmit and receive key- 
ing current that is intended for use with 20 
mA, dc-keyed devices. 

1500 ft. maximum (environment dependent) 
BCOIA Option: Provides interface that con- 
forms to EtA RS-232-B devices, 
for local terminals. 
EIA interface transmission distance is limited 
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only by characteristics of modem and asso- 
ciated communication facility. A 25ft. cabie 
to the modem is supplied. 

DC02A Cdntrol Instructions 

The following instructions are used with the DC02A control: 

Multiple Teleprinter Flag (MTPF) 

Octal Code: 6113 

Event Time: 1, 2 

Indicators: IR = 6, F 

Execution Time: 4.25 ns 

Operation: Transfer status of teleprinter flags to AC 0-3. 

Symbol: Teleprinter flags -> AC 0-3 

Multiple Interrupt (MINT) 

Octal Code: 6115 

Event Time: 3 

Indicators: IR = 6, F 

Execution Time: 4.25 fis 

Operation: Interrupt on if AC 1 1 is set (interrupt request if any flags). 

Symbol: If AC 11 = 1, Interruption 

Multiple Teleprinter (MTON) 

Octal Code: 6117 

Event Time: 1, 2, 3 

Indicators: IR = 6, F 

Execution Time: 4.25 fis 

Operation: Transfer AC 0-3 to selection register (SR) (select stations when 

bit is set). 

Symbol: AC 0-3 ->■ SR 

Multiple Teleprinter Keyboard Flag <MTKF) 

Octal Code: 6123 

Ev^'nt Tim?: 1 2 

Indicators: IR = 6, F 

Execution Time: 4.25 ns 

Operation: Transfer status of keyboard flags (KFs) to AC 0-3. 

c;v»rnh«^i- Kt^o -^ fir n.-? 

Multiple Interrupt and Skip (MINS) 

Octal Code: 6125 

Event Time: 1, 4 

Indicators: IR = 6, F 

Execution Time: 4.25 /iS 

Operation: Skip if the interrupt request is active (if interrupt is on and any 

flag is raised). 

Symbol: If interrupt request is active, PC + 1 ->■ PC 

Multiple Teleprinter Read Status (MTRS) 

Octal Code: 6127 

Event Time: 1, 2, 3 

Indicators: IR = 6, F 

Execution Time: 4.25 /iS 

Operation: Transfer the status of the selection register (SER) to AC 0-3. 

Symbol: SER -^ AC 0-3 
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DC02D Instructions 

Decoder instructions for the DC02D are in two basic groups: receiver and 
transmitter. The receiver instructions are 6111, 6112, 6114, and 6116; the 
transmitter instructions are 6121, 6122, 6124, and 6126. 

Multiple Keyboard Skip on Flag (MKSF) 

Octal Code: 6111 

Event Time: 1 

Indicators: IR = 6, F 

Execution Time: 4.25 fis 

Operation: Skip the next instruction if the keyboard flag is set. 

Symbol: If KF = 1, PC + 1 -> PC 

Multiple Clear Keyboard Flags (MKCC) 

Octal Code: 6112 

Event Time: 2 

Indicators: IR = 6, F 

Execution Time: 4.25 (is 

Operation: Clear the keyboard and reader flags and enable the reader on the 

teleprinter; clear AC. 

Symbol: ->- KF, -> RF, -> AC 

Multiple Keyboard Read and Shift (MKRS) 

Octal Code: 6114 

Event Time: 3 

Indicators: IR = 6, F 

Execution Time: 4.25 ns 

Operation: Transfer the shift register contents to AC 4-11. 

Symbol: SR -> AC 4-11 

Multiple Load Keyboard Sequence (MKRB) 

Octal Code: 6116 

Event Time: 2, 3 

Indicators: IR = 6, F 

Execution Time: 4.25 ns 

Operation: Clear the keyboard and reader flags, clear AC; transfer the shift 

register contents to AC 4-11 (MKCC and MKRS combined). 

Symbol: ->► KF 

-> RF 

0^- AC 

SR->^AC4-11 

Multiple Teleprinter Skip on Flag (MTSF) 

Octal Code: 6121 

Event Time: 1 

Indicators: IR = 6, F 

Execution Time: 4.25 /is 

Operation: Skip the next instruction if the teleprinter flag is set. 

Symbol: If TF = 1, PC + 1 ->► PC 

Multiple Clear Teleprinter Flag (MTCF) 

Octal Code: 6122 
Event Time: 2 
Indicators: IR = 6, F 
Execution Time:4.25 /^s 
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Operation: Clear the teieprinter fiag. 
Symbol: ->► TF 

Multiple Load Teleprinter and Print (MTPG) 

Octal Code: 6124 

Event Time: 3 

Indicators: IR = 6, F 

Execution Time: 4.25 ^s 

Operation: Load AC 4-11 into the shift register (begin print/punch). 

Symbol AC 4-11 ^^ SR 

Multiple Load Teleprinter Sequence (MTLS) 

Octal Code: 6126 

Event Time: 2, 3 

Indicators: IR = 6, F 

Execution Time: 4.25 ^s 

Operation: Clear the teleprinter flag and load AC 4-11 into the shift register 

(MTCF and MTPC combined). 

Symbol: -> TF 

AC 4-11 -^ SR 

680/1 DATA COMMUNICATIONS SYSTEM 

The 680/1 Data Communications System is designed as an economical solution 
to servicing a number of low speed asynchronous communication lines. The 
system is physically capable of servicing up to 128 full- or half-duplex lines, 
with a series of line interface options that provide physical and electrical com- 
patibility between the 680/1 system line units and the various communication 
facilities. The 680/1 system can accommodate all peripherals which are avail- 
able on the PDP-8/1. 

The basic 680/1 system consists of a PDP-8/I with a DL8/I option (which 
converts the PDP-8/1 to a 680/1), which adds two instructions to the PDP-8/1 
giving it the ability to assemble a character in core memory by sampling the 
state of a serial asynchronous data stream (such as that generated by a 
Teletype). This line scanning capability is multiplexed by a DCOSA option which 
is physically capable of servicing up to 128 lines. Line servicing capability is 
implemented in a module two fashion using dual Type M750 Serial Line Units. 
The end result is the efficient use of a very economical computer to replace 
line sampling and character assembly functions which are normally done by 

dedicated hardware. 

( 

For a detailed description of how the 680/1 works and its programming char- 
acteristics refer to the Digital Equipment Corporation publication entitled, 
"What is the 680/I-CAN-2." 

Specifications 

Table 7-15. 680/1 Specifications 



Characteristics Specifications 



Speed to 150 baud 

Character Format 5-, 7-, or 8-level code (supported by DEC 

software). 

Operating Mode ' Full duplex (half-duplex operation is available). 
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Numbers of Channels 



Interface 



Transmission Distance 



128 full duplex; expansion of a system is 
modular on a per-line basis. 

20 mA dc switching for local connection to 
Teletype Model 33, 35, or equivalent. 

20 to 60 mA polar or neutral World Trade 
Telegraph lines. 

RS-232 interface devices for Dataphone ser- 
vice. 

1500 ft. for local terminals. 

Built-in adjustments permit operation over 
several miles of dc-keyed telegraph wire lines. 

EIA RS-232-B interface: 25-ft. cable supplied. 
Distance beyond data set limited only by 
communication medium. 

Following is a list of lOT commands which are associated with the 680/1 and 
its related DC08 options. This information is for programming reference only 
and the appropriate application note should be referenced for a detailed dis- 
cussion of a unit's operating characteristics. 

The DC08F is an EIA Modem Interface Connector Panel that may be used to 
interface and control as many as 64 103A, 103E, or the equivalent, Dataphone 
lines to the DC08A; Line control is provided by one DC08G for every two data 
lines. The DC08H is an Automatic Callup Unit which provides automatic callup 
interface for 10 data lines on a per-line basis, using a DC08J module set. 

680/1 Instructions 

Sample Line and Shift Contents (TTl) 

Octal Code: 6402 

Event Time: 2 

Indicators: lot. Fetch 

Execution Time: 3.4 ^s -f 1.5 fis if CAW is fetched. 

Operation: Causes a JMS to be executed (N4-3) if the R Register (RR) does 

not equal and either the line hold bit of the selected line (specified by bits 

2-8 of the LSW) is in the 1 state, or as a result of a jamming of the line state 

into and shifting the CAW; bit II of the CAW is a 1. 



LSW Format 




















1 2 

1 


3 


4 


5 


6 


7 


8 


9 


10 


11 



Active 



Line Address Up to 128 



Line Sample 
Counter 



CAW Format 



1 


2 


3 


4 


5 


6 7 8 


9 


10 


11 
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State of the line is shifted into bit and ail bits are shifted right by one bit 
position. Bit 11 is lost. The TTI instruction specifies the line to be sampled by 
bits 2-8 of the LSW. The effect of the TTI is dependent on the state of the active 
bit (bit of the LSW) and line sample counter (bits 9-11 of the LSW). 
Symbol: None 

Clear Link and Shift Unk and Accumulator (TTO) 

Octal Code: 6404 

Event Time: 3 

Indicators: lot. Fetch 

Execution Time: 1.5 ;iS 

Operation: Clears the link and shifts the link and accumulator one bit position 

to the right. Bit 11 of the accumulator is shifted into the line unit specified by 

the line register. The previous contents (1 bit) of the selected line unit is lost. 

Symbol: -> L, 

L shifted 1 bit to the right 

AC shifted 1 bit to the right 

Clear Line Register (TTCL) 

Octal Code: 6411 

Event Time: 1 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 /is 

Operation; Sets the contents of the line register to 0. 

Symbol: Q ^^ LR 

Shift Data Into Line Register (TTSL) 

Octal Code: 6412 

Event Time: 2 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 ns 

Operation: Contents of AC 5-11 are ORed into the line register. 

Symbol: AC 5-11 V LR 

Ciear and Shift Data into Line Register (TTLL) 

Octal Code: 6413 
Event Time: 1, 2 
Indicators: lot, Fetch, Pause 
Execution Time: 4.25 /xs 

Operation: The line register is cleared and the contents of AC 5-11 are trans- 
ferred (ORed) into the line register. This is a microprogram of TTCL and TTSL. 
Symbol: 0^- LR, AC 5-11 V LR 

Shift Data Into Accumulator (TTRL) 

Octal Code: 6414 

Event Time: 3 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 fis 

Operation: Contents of the line register are ORed into AC 5-11. The AC must 

be for a true transfer. 

Symbol: LR V AC 5-11 

Increment Line Register (TTINCR) 

Octal Code: 6401 
Event Time: 1 
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Indicators: lot, Fetch 

Execution Time: 4.25 fis 

Operation: Causes contents of the line register to be incremented by 1. This 

command, when microprogrammed with a TTO, causes the increment to occur 

after the TTO command is executed. 

Symbol: LR + 1 

Increment R Register (TTRINC) 

Octal Code: 6461 
Event Time: 1 
Indicators: lot, Fetch 
Execution Time: 4.25 fiS 

Operation: This command causes the contents of the R Register to be in- 
cremented by 1. Because it is loaded with a two's complement number, the 
result is a subtract. This instruction can be microprogrammed with TTRR. 
Symbol: RR + 1 

Read R Register (TTRR) 

Octal Code: 6464 

Event Time: 3 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 fis 

Operation: Read contents of R Register into AC 7-11. Contents of AC must be 

Os before issuing this instruction. This instruction, when microprogrammed 

with TTINCR causes the incremented results to be read into the AC. 

Symbol: RR-> AC7-11 

Clear R Register (TTCR) 

Octal Code: 6471 

Event Time: 1 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 /iS 

Operation: Causes R Register to be set to 0. 

Symbol: -> RR 

Shift Data Into R Register (TTLR) 

Octal Code: 6472 

Event Time: 2 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 (is 

Operation: Contents of AC 7-1 1 are ORed into the R Register. 

Symbol: AC 7-11 V RR 

Clear and Shift Data Into R Register (TTLDR) 

Octal Code: 6473 

Event Time: 1, 2 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 fis 

Operation: Clears the R Register and transfers contents of AC 7-11 into the R 

Register. This is a microprogram of TTCR and TTLR. ^ 

Symbol: O-^' RR, AC7-11 V RR 

Clock 1 On (Tlon) 

Octal Code: 6424 

Event Time: 3 

Indicators: lot. Fetch, Pause 
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Execution Time: 4.25 jis 

Operation: Clock control instruction which enables clock 1 to set its flag at the 
predetermined clock rate. The flag in the 1 state causes a program interrupt 
when the interrupt is enabled. This instruction also sets the flag to the state. 
Symbol: None 

Clock 1 Off (Tloff) 

Octal Code: 6422 

Event Time: 2 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 ^s 

Operation: Clock control instruction which inhibits clock 1 from setting its 

flag. This instruction also sets the flag to the state. 

Symbol: None 

Clock 1 Skip (Tlskip) 

Octal Code: 6421 

Event Time: 1 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 fis 

Operation: Clock control instruction which causes the program to skip the 

next instruction if clock flag 1 is in the 1 state. To clear the flag, either Tlon or 

Tloff can be used. 

Symbol: None 

Clock 2 On (T2on) 

Octal Code: 6434 

Event Time: 3 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 /xs 

Operation: Same as Tlon, except enables clock 2. 

Symbol: None 

Clock 2 Off (T2off) 

O'^+^i nryrio- e:.A':io 

<u'«'kl-«l X^wL«^a ^^~r^^M— 

Event Time: 2 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 jus 

Symbol: None 

Clock 2 Skip (T2skip) 

Octal Code: 6431 

Event Time: 1 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 /(S 

Operation: Same as Tlskip, except flag 2 is in the 1 state. 

Symbol: None 

Clock 3 On (TSon) 

Octal Code: 6434 

Event Time: 3 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 jis 

Operation: Same as Tlon, except enables clock 3. 

Symbol: None 
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Clock 3 Off (T3off) 

Octal Code: 6432 

Event Time: 2 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 ns 

Operation: Same as Tloff, except inhibits clock 3. 

Symbol: None 

Clock 3 Skip (T3skip) 

Octal Code: 6441 

Event Time: 1 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 /xs 

Operation: Same as Tlskip, except flag 3 is in the 1 state. 

%mbol: None 

Clock 4 On (T4on) 

Octal Code: 6454 

Event Time: 3 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 jus 

Operation: Same as Tlon, except enables clock 4. 

Symbol: None 

Clock 4 Off (T4off) 

Octal Code: 6452 

Event Time: 2 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 /xs 

Operation: Same as Tloff, except inhibits clock 4. 

Symbol: None 

Clock 4 Skip (T4skip) 

Octal Code: 6451 

Event Time: 1 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 /ms 

Operation: Same as Tlskip, except flag 4 is in the 1 state. 

Symbol: None 

DC08F Instructions 

Skip on Ring Flag (SRF) 

Octal Code: 6701 

Event Time: 1 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 ^us 

Operation: The next instruction is skipped when the ring flag is set to a 1. 

Symbol: Ring flag = 1, PC + 1 ->► PC 

Read Ring Scanner (RRS) 

Octal Code: 6702 

Event Time: 2 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 /is 

Operation: Contents of the ring scanner (RS) are ORed into AC 5-11. 

Symbol: RS V AC 5-11 
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Enable Data Flip-Flop <EDF) 

Octal Code: 6704 

Event Time: 3 

indicators: lot, Fetch, Pause 

Execution Time: 4.25 ns 

Operation: Enables AC decoding and data set interrupts (set F-enable flip-flop). 

Symbol: 1 ^^ FE 

Skip on Carrier Clag (SCF) 

Octal Code: 6714 

Event Time: 1 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 fis 

Operation: The next instruction is skipped when the carrier flag is set to a 1. 

Symbol: Carrier flag = 1, PC + 1 ->- PC 

Read Carrier Scanner (RCS) 

Octal Code: 6714 

Event Time: 3 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 fis 

Operation: Contents of the Carrier Scanner (CS) are ORed into AC 5-11 and 

Carrier status is ORed into ACO. 

Symbol: CS V AC 5-11, CST V ACO 

Disable Dataphone (DDF) 

Octal Code: 6712/6472 

Event Time: 2 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 ns 

Operation: When DC08-FX option (normally supplied) is in the system, this 

instruction disables interrupts from DC08-FX, disables the carrier scanner, 

and increments the scanner (octal code = 6472). When DC08-FX option is not 

supplied, the dataphone features are disabled (reset F-enable flip-flop) (octal 

code — 6712). 

Syrnboi; None 

Clear Terminal Ready Flip-Flop (CTR) 

^^_x_i ^N_j_, ^^y-*i 

uciai oOdt:; o/^i 

Event Time: 1 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 nS 

Operation: Clear the terminal ready flip-flop of the selected line (modem). 

Symbol: -> TR 

Clear Request (CRS) 

Octal Code: 6722 

Event Time: 2 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 fis 

Operation: Clears the request-to-send (RTS) flip-flop of the selected line 

(modem). 

Symbol: -^ RTS 

Clear Carrier Flag (CCF) 

Octal Code: 6724 
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Event Time: 3 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 fis 

Operation: Clear carrier flag of the line selected by AC and restart the carrier 

scanner. 

Symbol: -> CF, restart Carrier Scanner 

Set Terminal Ready (SIR) 

Octal Code: 6731 

Event Time: 1 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 /zs 

Operation: Set terminal ready (TR) of selected line (modem). 

Symbol: 1 ->- TR 

Set Request (SRS) 

Octal Code: 6732 

E%ent Time: 2 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 ixs 

Operation: Set request-to-send (RTS) of the selected line (modem). 

Symbol: 1 -> RTS 

Clear Ring Flag (CRF) 

Octal Code: 6734 

Event Time: 3 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 ns 

Operation: Clear the ring flag and restart the ring scanner. 

Symbol: O-^ RF, restart Ring Scanner 

DC08H and J Instructions 

Clear Digit Flag (CDF) 

Octal Code: 6741 

Event Time: 1 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 ns 

Operation: Clears the digit flag flip-flop. 

Symbol: -> DF 

Skip on Status Flag (SSF) 

Octal Code: 6751 

Event Time: 1 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 ^s 

Operation: The status flag is set if: 

1. Request to call (RTC) and modem power is OFF or data line is occupied. 

2. Call request (CRO) is ON and modem power fails (power turned off or 
cable disconnected). 

3. If data set status turn ON. 

4. If abandon call and retry turns ON. 
Symbol: 1 ^- SF 
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Clear Call Request (CCR) 

Octal Code: 6752 

Event Time: 2 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 fis 

Operation: Clears the call request (CR) flip-flop. 

Symbol: -> CR 

Skip on Digit Flag (SDF) 

Octal Code: 6753 

Event Time: 1, 2 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 /is 

Operation: The next instruction is skipped if the digit flag is set (PND — 

Present Next Digit — is turned ON). 

Symbol: If DF = 1, PC + 1 -> PC 

Load A Unt (LAU) 

Octal Code: 6754 

Event Time: 3 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 /is 

Operation: The unit (or line) number of the desired ACU is specified by loading 

AC8-11 with the desired number and issuing a LAU. The unit number of the 

desired ACU must be §.et before checking status or issuing control instructions. 

Symbol: Number (N) -> AC 8-11 

Clear Status and Read (CSR) 

Octal Code: 6755 

Event Time: 1, 3 

Indicators: lot. Fetch, Pause 

Execution Time: 4.25 ns 

Operation: Clears the status flag, if set, and transfers the status of PWI, DLO, 

PND, ACR, and DSS to the AC. (NOTE 1: If the EIA converter does not exist 
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lui uic aeiei;ieu line, an us Will oe xransTerreo to tne AU. MO It 2: The CSR 
instruction transfers status to the AC regardless of the state of the status fiag.) 

The status flag is set if: 

L !f PWI turns OFF while dialing. 

2. DSS turns ON. 

3. ACR turns ON. 

4. Request to transmit instruction (RTC) is ANDed with PWI OFF or DLO ON. 

Symbol: -> SF, PNI^- AC 
DLO -> AC 
PND ->► AC 
ACR ->' AC 
DSS -^ AC 

Request to Transmit (RTC) 

Octal Code: 6756 
Event Time: 2, 3 
Indicators: lot. Fetch, Pause 
Execution Time: 4.25 /zs 
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Operation: Sets the call request (CR) to the selected line if the data line, is 
not occupied (DLO OFF) and the 801 Calling Unit has power (PWI) ON. If the 
RTC instruction is issued, and DLO is ON or PWI is OFF, calfrequest will not 
be set and a status interrupt occurs. 
Symbol: If DLO = OFF and FN! = ON, CR -> selected line 

Load A Digit (LAD) 

Octal Code: 6757 

Event Time: 1, 2, 3 

Indicators: lot, Fetch, Pause 

Execution Time: 4.25 /iS 

Operation: The digit to be presented to the ACU is specified by loading the 

AC8-11 bits with the desired digit and issuing the LAD instruction. The LAD 

instruction also sets dial request if the call request is set. 

Symbol: Desired digit (D) -> AC 8-11 



SECTION 7-11 LINE PRINTER OPTION 

TYPE 645 AUTOMATIC LINE PRINTER AND CONTROL 

The line printer can print 132 characters per/line at a rate of 300 lines/ 
minute. Each character is selected from the set of 64 available, by a 6-bit 
binary code (Appendix C lists the ASCII character specified for each code). 
Each 6-bit code is loaded separately into a core storage printing buffer (LPB) 
from ACfc-i I- To load the LPB requires 132 load instructions. A print command 
causes the characters specified by the LPB to be printed on one line. After the 
last character in a line is printed, the LPB is cleared automatically. 

The line printer can load characters into the LPB at a 10 fis rate, clear the 
LPB in 3 to 6 ms, and move paper at the rate of one line evefy 18 ms. When 
transfer of one code into the LPB is completed, the fine printer done flag 
raises to indicate that the printer is ready to receive another code. When 
printing of the last character of the LPB is completed, the line printer done 
flag raises and causes a program interrupt to request reloading of the LPB. 
A line printer error flag raises and causes a program interrupt if the line printer 
detects an inoperative condition (printer power off, control circuits not reset, 
paper supply low, etc.) when the printer is cleared, the buffer loaded, or a print 
command is given. 

A 3-bit format register (FR) in the printer is loaded from bits AC9-1 1 during a 
print command. This register selects one of eight channels of a perforated 
tape in the printer to control spacing of the paper. The tape moves jn syn- 
chronism with the paper until a hole is sensed in the selected channel to halt 
paper advance. A recommended tape has the following characteristics: 

FR CODE Paper „^ Tape 

(Octal) Spacing '"Track 

6 1 line 2 

1 2 lines 3 

2 3 lines 4 

3 6 lines 5 

4 11 lines (1/6 page) 6 

5 . 22 lines (1/3 page) 7 

6 33 lines (1/2 page) 8 

7 top of form 1 
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The lOT instructions which command the line printer are: 

Skip on Line Printer Error (LSE) 

Octal Code: 6651 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 /xs 

Operation: The content of the-line printer error flag is sensed and, if it contains 

a binary 1 (indicating that an error has been detected), the content of the PC 

is incremented by one so that the next sequential instruction is stripped. 

Symbol: If Line Printer Error Flag = 1, then PC + i ->- PC 

Clear Printer Buffer (LOB) 

Octal Code: 6662 

Event Time: 2 

Indicators: lot. Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 ^s 

Operation: The line printer buffer is cleared. 

Symbol: -^ LPB 

Load P?inter Buffer (LLB) 

Octal Code: 6654 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 fis * 

Operation: The next tocation in the printer buffer is loaded from the content 

of AC6-11, then the AC is cleared. This instruction clears the line printer done 

flag which will then be set to 1 upon completion of the transfer (within 10 /is). 

Symbol: AC6-11 -^ LPB, then 0-> AC 

Skip on Line Printer Done! Flag (LSD) 

Octal Code: 6661 

Event Time: 1 

Indicators: lot, Fetch, Pause [IR = 6. F] 

Execution Time: 4.25 fis 

Operation: The content of the line printer done flag is sensed and, if it contains 

a binary 1, the content of the PC is incremented by one so that the next 

sequential instruction is skipped. 

Symbol: If Line Printer Done Flag = 1, then PC + =>' PC 

Clear Line Printer Flags (LCF) 

Octal Code: 6652 
Event Time: 2 

Indicators: lot, Fetch, Pause [IR = 6, F] 
Execution Time: 4.25 «s 

Operaj^on: The line printer done and error flags are cleared. 
Symbol: 0-> Line Printer Done Flag 
->■ Line Printer Error Flag 

Print Line Print (LPR) 

Octal Code: 6664 

Event Time: 3 

Indicators: lot, Fetch, Pause [IR = 6, F] 

Execution Time: 4.25 iis 

Operation: The line printer format register (FR) is cleared, then loaded from 

the content of AC9-11 and the AC is cleared. The line contained in the printer 
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buffer (LPB) is printed. Paper is advanced in accordance with the selected 

channel of the format tape, if the content of ACS is a 1. If ACS is a 0, paper 

advance is inhibited. After printing, the line printer buffer is left in a cleared 

state. 

Symbol: -^ FR 

AC9-11 -^ FR 

-> AC 

The content of half of the LPB is printed. If ACS = 1, then advance 

paper according to format tape channel (FR). . 

The following routine demonstrates the use of these commands in a sequence 
which prints an unspecified number of 132-character lines. This sequence 
assumes that the printer is not in operation, that the paper is manually posi- 
tioned for the first line of print, and that 1-character words are stored in 
sequential core memory locations beginning at 2000. The PRINT location 
starts the routine. 



PRINT, 

LRPT, 
LOOP, 



LOC, 
CNT, 
TEMP, 
FRM, 



LCB 
CLA 

TAD LOC 
DCA 10 
TAD CNT 
DCA TEMP 
LSD, 

JMP LOOP 
LCF 
TAD I 10 

LLB 

ISZ TEMP 

JMP LOOP 

TAD FRM 

LPR 

JMP LRPT 

1777 

-204 
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/INITIALIZE PRINTER BUFFER 

/LOAD INITIAL CHARACTER ADDRESS 
/STORE IN AUTO-INDEX REGISTER 
/INITIALIZE CHARACTER COUNTER 

/WAIT UNTIL PRINTING BUFFER READY 

/CLEAR LINE PRINTER FLAG 

/LOAD AC FROM CURRENT CHARACTER 

/ADDRESS 

/LOAD PRINTING BUFFER 

/TEST FOR 132 CHARACTERS LOADED 

/LOAD SPACING CONTROL AND 
/PRINT A LINE 

/JUMP TO PRINT ANOTHER LINE 
/INITIAL CHARACTER ADDRESS -1 
/CHARACTER COUNTER — 132 DECIMAL 
/CURRENT CHARACTER ADDRESS 
/SPACING CONTROL AND FORMAT 
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TYPESET-8, the PDP-8 computerized typesetting system, is being 
used by newspapers and commercial typesetters ail over the world. 
The system takes unjustified and unhyphenated paper tape and 
converts it to justified, hyphenated tape for use with hot metal and 
photocomposition machines. 
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CHAPTER 8 
INPUT/OUTPUT FACILITIES 

All notations in brackets [ ] indicate data for the PDP-8/L computer oniy: 

Since the processing power of a computer depends upon the ""anfe^nd nuni- , 
ber of peripheral devices that can be connected to it, the PDP-8/i [PDP-8/LJ 
has been designed to interface readily with a broad variety of external equip- 
ment. The following chapters of this handbook define the interface charac- 
teristics of the computer to allow the user to design and "^P'^mfnt anv 
electrical interfaces required to connect devices to the PDP-8/1 [PDP-8/LJ. 
Chapters 9 and 10 provide functional descriptions of the logic circuit elements 
involved in programmed data transfers and data break transfers, respectively. 
Chapter 11 gives detailed information on digital logic circuits used for com- 
puter interfacing. Chapter 12 describes the design techniques, and connections 
of interface equipment. Chapter 13 presents the information for planning the 
installation of basic PDP-8/1 [PDP-8/L] facilities. 

The simple I/O technique of the PDP-8/1, [PDP-8/L], the availability of DEC'S 
FLIP CHIP logic circuit modules, and DEC's policy of giving assistance where- 
ever possible allow inexpensive, straightforward device interfaces to be realized. 
Should questions arise relative to the computer interface characteristics, the 
design of device interfaces using DEC modules, or installation planning, 
customers are invited to telephone the main plant in Maynard, Massachusetts, 
or any of the sales offices. Digital Equipment Corporation makes no repre- 
sentation that the interconnection of its circuit modules in the manner de- 
scribed herein will not infringe on existing or future patent rights.. Nor do the 
descriptions contained herein imply the granting of license to use, manu- 
facture, or sell equipment constructed in accordance therewith. 

The basic PDP-8/1 [PDP-8/L] contains a processor and core memory composed 
of Digital's M Series TTL circuit modules. These circuits have an operating 
temperature exceeding the limits of 32°F to 130°F (0°C to 40X), so no air 
conditioning is required at the computer site. Standard 115V, 60-Hz power 
operates an internal solid-state power supply that produces all required volt- 
ages and currents. The high-capacity, high-speed I/O capabilities of the PDP-8/1 
[PDP-8/L] allow it to operate a variety of peripheral devices in addition to the 
standard teletype keyboard/printer, tape reader, and tape punch. DEC options, 
consisting of an interface and normal data processing equipment, are available 
for connecting into the computer system. These optibns include a random- 
access disk file, card equipment, line printers, magnetic tape transports, mag- 
netic drums, analog-to-digital converters, CRT displays, and digital plotters, 
and data communication systems. 

The PDP-8/1 [PDP-8/L] system can also accept other types of instruments or 
hardware devices that have an appropriate interface. Up to 61 devices requir- 
ing one device code each can be connected to th§ computer. One device using 
tht data break facility can be connected directly to the PDP-8/ [PDP-8/L] or 
up to seven such devices can be connected through a Type DM01 or DM04. 
Data Multiplex interfacing any device to the computer requires no modifica- 
tions to the processor and can be achieved in the field. 

r 
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Control IS necessary to determine when an information exchange is to take 
place between the PDP-8/1 [PDP-8/L] and peripheral equipment and to indicate 
the location(s) m the computer memory which will transfer the data. Either 
the computer program or the device external to the computer can exercise this 
control. Transfers controlled by the computer, hence under control of its 
stored program, are called programmed data transfers. Transfers made at 
times controlled by the external devices through the data break facility are 
called data break transfers. 



PROGRAMMED DATA TRANSFERS 

The majority of I/O transfers occur under control of the computer program. 
To transfer and store information under program control requires about six 
times as much computer time as under data break control. In terms of real 
time, the duration of a programmed transfer is rather small, due to the high 
speed of the computer, and is well beyond that required for laboratory or 
process control instrumentation. 

To realize full benefit of the built-in control features of the PDP-8/1 tPDP-8/L], 
programmed I/O transfers should be used in most cases. Controls for devices 
using programmed data transfers are usually simpler and less expensive than 
controls for devices using data break transfers. Using programmed data trans- 
fer facilities, simultaneous operation of devices is limited only by the relative 
speed of the computer with respect to the device speeds, and the search time 
required to determine the device requiring service. Analog-to-digital converters, 
digital-to-analog converters, digital plotters, line printers, message switching 
equipment, and relay control systems typify equipment using only programmed 
data transfers. 



DATA BREAK TRANSFERS 

Devices which operate at very high speeds or which require very rapid re- 
sponses from the computer use the data break facilities. Use of these facilities 
permits an external device, almost arbitrarily, to' transfer words from the 
computer core memory, bypassing all program control logic. Because the 
computer program has no cognizance of transfers made in this manner, pro- 
grammed checks of input data are made prior to use of information received 
in tnis manner. The data break is highly effective for devices that transfer 
large amounts of data in block form; e.g., random-access disk file, high-speed 
magnetic tape systems, high-speed drum memories, or CRT display systems 
containing memory elements. 
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CHAPTER 9 
PROGRAMMED DATA TRANSFERS 

All notations in brackets [ ] indicate data for the PDP-8/L con^puter only. 

The PDP-8/1 and PDP-8/L bus structures are nearly identical. As has already 
been discussed under the KA8/1 option, the PDP-S/I is available with either a 
negative \/0 bus (standard PDP-8/1) or a positive I/O bus (PDP-8/1 with 
KA8/I) The bus for the latter configuration (PDP-8/1 with KA8/I) is identical 
to the standard positive bus of the PDP-8/L. [The PDP-8/L is not available 
with a negative bus.] Four extra signals on the PDP-8/1 positive bus connect 
to options unavailable with the PDP-8/L. 

In the descriptions which follow, all information pertains to both positive and 
negative busses. Where differences occur, they will be appropriately noted. 

The majority of I/O transfers take place under program control, taking 
advantage of control elements built into the computer. Although programmed 
transfers take more computer and actual time than do data break transfers, 
the timing discrepancy is insignificant, considering the high speed of the 
computer with respect to the speed of most peripheral devices. The maximum 
data transfers rate for programmed operations of 12-bit words is 138 kHz 
[134 kHz] when no status checking, end transfer check, etc. is done. This 
speed is well beyond the normal rate required for typical laboratory or process 
control instrumentation. 

The PDP-8/1 [PDP-8/L] is a parallel-transfer machine that distributes and 
collects data in bytes of up to 12 bits. All programmed data transfers take 
place through the accumulator, the 12-bit arithmetic register of the computer. 
The computer program controls the loading of information into the AC for an 
output transfer, and the storing of information tn core memory from the AC 
for an input transfer. Output information in the AC is power-amplified and 
supplied to the interface connectors for bussed connection to many peripheral 
devices. Then the program-selected device can sample these signal lines to 
strobe AC information into a control or information register. Input data 
pulses from I/O devices are received at the AC via the interface connectors. 
These pulses are produced by gating circuits within the program-selected 
device. Command signals, generated by the device, flow to the I/O skip 
facility (lOS) to sample the condition of I/O device flags. The lOS allows 
branching of the program ba^ed on the condition or availability of peripheral 
equipment, effectively making programmed decisions to continue the current 
program or jump to another part of the program (such as a subroutine) that 
services an I/O device. 

The bussed system of I/O data transfers imposes the following requirements- 
on peripheral equipment: 

a. Each device samples the select code generated by the computer during 
lOT instructions and, when selected, is capable of producing sequential 
iOT command pulses in accordance with computer-generated lOP pulses. 
Circuits which perform these functions in the peripheral device are called 
the device selector (DS). 

b. Each device, receiving output data from the computer, contains gating 
circuits at the input of a receiving register which are capable of strobing 
the AC signal information into the register when triggered by a common 
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pulse from the DS. Gating is also recommended at the input to the peripheral 
device to minimize loading on the BAG signal lines. (Positive bus only.) 

c. Each device supplying input data to the computer contains gating circuits 
at the output of the transmitting register which are capable of sampling the 
information in the output register and supplying a pulse to the computer 
input bus when triggered by a command pulse from the DS. 

d. Each device should contain a busy/done flag (flip-flop) and gating cir- 
cuits which can pulse the computer I/O skip bus upon command from the 
DS. When th-e flag is set in the binary 1 state, the device is ready to transfer 
another byte of information. 

Figure 9-1 illustrates the information flow within the computer which effects 
a programmed data transfer with I/O equipment. All instructions stored in 
core memory as a program sequence are read into the memory buffer register 
(MB) for execution. The transfer of the operation code in the three most- 
significant bits (bits 0, 1, and 2) of the instruction into the instruction register 
(IR) takes place, and it is decoded to produce the appropriate control signals. 
The computer, upon recognition of the operation code as an lOT instruction, 
enters a 4.25 ^s expanded-computer-cycle and enables the lOP generator to 
produce time-sequenced lOP pulses as determined by the three least-significant 
bits of the instruction (bits 9, 10, and 11) in the MBO. These lOP pulses and 
the buffered output of the select code from bits 3 through 8 of the instruction 
word in the MB are bussed to device selectors in all peripheral equipment. 
Figure 9-2 indicates the timing of the programmed data transfers and Figure 
9-3 illustrates the decoding of the lOT instruction. 
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Figure 9-1. Programmed Data Transfer interface Block Diagram 

Devices which either (1) require immediate service from the computer pro- 
gram, (2) take an exorbitant amount of computer time to discontinue the main 
program until transfer needs are met, can activate the program interrupt (PI) 
facility. In this mode of operation, the computer can initiate operation of I/O 
equipment and continue the main program until the device requests servicing. 
A signal input to the PI requesting a program interrupt causes the conditions 
of the main program to be stored and initiates a subroutine to service the de- 
vice. At the conclusion of this subroutine, the main program is reinstated until 
another interrupt request occurs. 
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Figure 9-2. Progrcimmed Data Transfer Timing Diagrams 
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Figure 9-3 Typical IQT Instruction Decoding 

TIMING AND IOP GENERATOR 

When the IR decoder detects an operation code of 6a, it identifies an lOT in- 
struction and generates a slow cycle pulse. (lOT instructions which enable and 
disable the program interrupt facility, and those associated with the MC8/I 
Memory Extension Control and the DL8/I Data Line Interface inhibit generation 
of the slow cycle signal; the IOP generator is not enabled, so normal timing 
pulses and special device selectors execute these instructions. [On the PDP- 
8/L, there is no distinction between internal and external I/O functions, so 
all I/O functions cause the slow cycle.]) 
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The slow cycle signal is AND with TP3 to generate I/O START and set the 
PAUSE flip-flop. The logic circuits of the lOP generat or are shown in Figure 9-4 
and consist of a three-stage delay chain. I/O START is inverted to drive a pulse 
amplifier, which may set the lOPl flip-flop, and to begin the first stage of delay. 
After 0.2 ^s, the same pulse which may set the I0P2 flip-flop clears the lOPl 
flip-flop; similarly the I0P2 flip-flop is reset by I0P4. A final delay of 0.5 ns 
occurs before I0P4 is cleared and I/O END is generated to restart normal 
timing. 



i 




[NOTE: PDP-8/L logic is similar, and produces same results.] 
Figure 9-4 lOP Generator Logic 
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The pulses which set the lOPl, iOP2, and fOP4 flip-flops are AN Ded with MBll 
(1), MBIO (1), and MB09 (1), respectively, to determine which flip-flops will 
be set and which pulses shall be generated for a particular instruction. For 
each pulse which is generated, an I/O STROBE pulse follows 0.3 ^s later. 

NOTE 
All.cycle times have a tolerance of 20% [12%]. 



Instruction bit, lOP pulse, lOT pulse, and event time correspondence is as 
follows: 



Instruction 
BIT 



lOP 
Pulse 



iOT 
Pulse 



Event 
Time 



Used Primarily 
For 



11 

10 

9 



lOP 1 
lOP 2 
lOP 4 



IOT 1 
IOT 2 
IOT 4 



1 Sampling Flags, Skipping. 

2 Clearing Flags, Clearing AC. 

3 Reading, Loading, and 
Clearing buffers. 



DEVICE SELECTOR (DS) 

Bits 3 through 8 of an IOT instruction serve as a device or subdevice select 
code. Processor bus drivers buffer both the 1 and output signals of MB 3-8 
and distribute them to the interface connectors for bussed connection to all 
device selectors. Each DS is assigned a select code and is enabled only when 
the assigned code is present in the MB. When enabled, a DS regenerates lOP 
pulses as IOT command pulses and transmits these pulses to skip, input, 
or output gates within the device and/or to the processor to clear the AC. 

Each group of three command pulses requires a separate, DS channel (W103 
module for negative bus and M103 for positive bus) and each DS channel 
requires a different select code (or I/O device address). One I/O device can, 
therefore, use several DS channels. Note that the processor produces the 
pulses identified as lOPl, I0P2, and I0P4 and supplies them to all device 
selectors. The device selector produces pulses lOTl, I0T2, and I0T4 which 
initiate a transfer or effect some other control. Figure 9-5 shows generation 
of command pulses by several DS channels. 
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Figure 9-5. Generation of lOT Command Pulses by Device Selectors 
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The logical representation for a typical channel of the DS, using channel 34, 
is shown in Figure 9-6. A 6-input NAND gate, wired to receive the appropriate 
signal outputs from MB3-8 for select code 34, activates the channel. In the 
W103 rriodule, the NAND gate (used on the negative bus) contains 14 diode 
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Bus & Logic 



634 X 

(DEVICE SELECT LIME 
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Figure 9-6. Typical Device Selector (Device 34) 
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Input terminals; 12 of these connect to the complementary outputs of MB3-S 
and 2 are open to receive subdevice or control-condition signals, as needed. 
Either the 1 or the signal from each MB bit is disconnected by removing the 
appropriate diode frotn the NAND gate when establishing the select code. In 
the M103 module (used on the positive bus), the appropriate MB levels are 
wired to the 6 DS inputs. The ground-level output of the NAND gate indicates 
when the lOT instruction selects the device, and can enable circuit operations 
within the device. This output also enables three gating inverters, allowing 
them to trigger a pulse amplifier if an lOR pulse occurs. The output from each 
pulse amplifier is an lOT command pulse which is identified by the select code 
and the number of the initiating lOP pulse. Three inverters receive the !QT 
pulses to produce complementary lOT output pulses. A pulse amplifier module 
or bus device modules can be connected in each channel of the DS to provide 
greater output drive or to produce pulses of the specific duration required by 
the selected device. 

INPUT/OUTPUT SKIP (lOS) 

An lOT pulse can be generated and used to test the condition or status of a 
device flag and, based on the test results, to continue or to skip the next 
sequential instruction. This operation is performed by a 2-input AND gate 
in the device connected as shown in Figure 9-7. One input of the skip gate 
receives the status level (flag output signal), the second input receives an 
lOT pulse, and, when the skip conditions are fulfilled, the output drives the 
computer lOS bus to ground. When the lOS bus is driven to ground, the con- 
tent of the program counter is incremented by 1 to advance the program count 
without executing the instruction at the current program count. In this manner, 
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Figure 9-7. Use of lOS to Test the Status of an External Device 



an lOT instruction can check the status of an I/O device flag and skip the next 
instruction if the device requires servicing. Programmed testing in this manner 
allows the routine to jump out of sequence to a subroutine that services the 
device tested. 
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Assuming that a device is already operating, a possible program sequence to 
test its availability is as follows: 

Address Instruction Remarks 



100, 


6342 


101, 


5100 


102, 


5XXX 



/SKIP IF DEVICE 34 IS READY 
/JUMP .-1 

/ENTER SERVICE ROUTINE FOR 
/DEVICE 34 



When the program reaches address 100, it executes an instruction skip with 
6342. The skip occurs only if device 34 is ready when the lOT 6342 command 
is given. If device 34 is not ready, the flag signal disqualifies the skip gate, and 
the skip pulse does not occur. Therefore, the program continues to the next 
instruction, which is a jump back to the skip instruction. In this example, the 
program stays in this waiting loop until the device is ready to transfer data, 
at which time the skip gate in the device is enabled and the skip pulse is sent 
to the computer lOS facility. When the skip occurs, the instruction in location 
102 transfers program control to a subroutine to service device 34. 

This subroutine can load the AC with data and transfer it to device 34, or can 
load the AC from a register in device 34 and store it in some known core 
memory address. 

ACCUMULATOR 

The binary 1 output signal of each AC flip-flop, buffered by a bus driver, is 
avaifable at the interface connectors. These computer data output lines are 
bus-eonnected to all peripheral equipment receiving programmed data output 
information from the PDP-8/1 [PDP-8/L]. Aterminal leading to eaclj AC flip- 
flop is connected to the interface connectors for bussing to all peripheral 
equipment supplying programmed data input to the computer. A pulse that 
drives the AC input bus terminal to ground is sampled by the computer and 
this causes loading of the corresponding AC flip-flop. Output and input con^^ 
nectibns to the accumulator appear in Figure 9-8. 

Figure 9-8 illustrates the twelve bits of the accumulator and the link bit. The 
status §f the link bit is not available for transfers with peripheral equipment 
(unless it is rotated into the AC). A bus driver continuously buffers the output 
signal from each AC flip-flop. These buffered accumulator (BAC) signals are 
available at the interface connectors. 

INPUT DATA TRANSFERS 

When it is ready to transfer data into the PDP-8/1 [PDP-8/L] accumulator, the 
device sets a flag connected to the lOS. The program senses the ready status 
of the flag and issues an lOT instruction to read the content of the external 
device's buffer register into the AC. If the AC is not cleared before the transfer 
and, if the AC-clear signal is not asserted, the resultant word in the AC is the 
inclusive OR of the previous word in the AC and the word transferred from the 
device buffer register. 
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Figure 9-8. Accumulator Input and Output 
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Figure 9-9 shows that the accumulator has an input bus for each bit flip-flop. 
Setting a 1 into a particular bit of the accumulator necessitates grounding of 
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Figure 9-9. Loading Data into the Accumulator from an External Device 
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the interface input 'bus by a transistor with an open coiiector. Typical gates 
are provided in this section. In this illustration, the 2-input AND gates set 
various bits of the accumulator. In this case an lOT pulse is AND-combined 
with the flip-flop state of the external device to conditionally set Is into the 
accumulator. (The program must include a clear-AC command prior to load- 
ing in this manner; otherwise an inclusive OR takes place between the previous 
content of the accumulator and the content of the register being read.) 

Following the transfer (possibly in the same instruction), the program can 
issue a command pulse to initiate further operation of the device and/or clear 
the device flag. 



AC CLEAR 

A separate, input line may be asserted (grounded) to cause clearing of the AC 
with an lOT. In the PDP-8/1 and PDP-8/L (but not in their predecessors), this 
line may be asserted at the same time as the AC input bits to effect a transfer 
from the peripheral to the AC without the need for prior initialization of the 
AC. The user is cautioned against permanently grounding this line, since many 
lOTs would then cause unwanted clearing of the AC. 

OUTPUT DATA TRANSFERS 

The AC is loaded with a word (e.g., by a CLA TAD instruction sequence); then 
the lOT instruction is issued to transfer the word into the control or data 
register of the device by an lOT pulse (e.g., lOP 2), and operation of the 
device is initiated by the same or another lOT pulse (e.g., I0P4). The data word 
transferred in this manner can be a character to be operated upon, or can be 
a control word sampled by a status register to establish a control mode. 

Loading considerations require that, on the positive bus, the BAC interface 
lines be gated by the select code at each device to prevent excessive loading. 
A special module, the MlOl, is provided for this purpose. See Chapter 11 for 
more details. 

Qin^Q thp DflO irrfor-fai^o Kiic lindc /^r^rtf ir-il t-alU/ i-onrocon+ fho" c + O + Mo i-»f tho &C^ 

flip-flops, the receiving device can strobe them to sense the value of the ac- 
cumulator. In Figure 9-10 a strobe pulse samples six bits of the accumulator 
lO conuitionaiiy set an externa! 6-bit data register, oince this is not a jam 
transfer, it is first necessary to clear the external data register before setting 
Is into it. (The availability of the D-type flip-flops for use on the positive bus 
often makes prior clearing of devices on this Idus unnecessary.) The read-in 
gates driving the externa! data register are part of the external device and are 
not supplied by the computer. The data register can contain any number of 
flip-flops up to a maximum of twelve. (If more than twelve flip-flops are in- 
volved, two or more transfers must take plac^.) The clear pulse and the strobe 
pulse shown in Figure 9-10 must occur when the data to be placed in the 
external data register is held in the accumulator. These pulses, therefore, must 
be unde.r computer control to effect synchronization with the operation or 
program of the computer. 
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Figure 9-10. Loading a 6-Bit Word into an External Device 
from the Accumulator 



Figure 9-11 illustrates the use of two of the pulses being gated by the device 
selector coded for "34." Pulse lOTl clears the data register and I0T4 strobes 
the data from the accumulator into the data register. Note that the processor 
produces the lOPl, I0P2 and I0P4 pulses and supplies them to all device 
selectors. The program-selected DS produces lOTl, .I0T2, and I0T4 pulses 
which initiate a transfer or effect some control. As indicated in Figure 9-11, 
this particular system adds two new microinstructions to the PDP-8/1 reper- 
toire. One generates a pulse to clear the data register of device number 34. 
The other microinstruction produces a pulse to load the data register of device 
number 34 with the content of the accumulator. 
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10! cycle timing Is shown in Figure 9-2. Note that the AC bus drivers are 
quiescent for more than 400 ns. before the lOPl pulse occurs. Since the FLIP 
CHIP DCD gates, often used on the negative bus, require a 400 ns set-up time, 
the lOPl pulse can be used to load the content of th^ AC into an external 
buffer register having input DCD gates, it is more customary, however, to use 
lOPl to reset the external buffer and to use I0P2 or I0P4 to load Is into the 
buffer. Any lOP can be used with the lOS facility. Gating delay within the 
peripheral from lOPs to any input signals being returned to the computer, 
should be 100 us or less. 
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PROGRAM INTERRUPT (PI) 

When a large amount of computing is required, the program should activate 
an i/0 device and then continue the main program, rather than wait for the 
device to become ready to transfer data. The program interrupt facility, when 
enabled by the program, relieves the main program of the need for repeated 
flag checks by allowing the ready status of the I/O device flags to automatically 
cause a program interrupt. When the program interrupt occurs, program. con- 
trol transfers to a subroutine that determines which device requested the 
interrupt and initiates an appropriate service routine. 

In the example shown in Figure 9-12, a flag signal from a status flip-flop 
operates a gate with no collector load. When the status flip-flop indicates the 
need for device service, the gate requests a program interrupt by driving the 
program-interrupt-request bus to ground. If only one device is connected to 
the PI facility when an interrupt occurs, program control can be transferred 
directly to a routine that services the device. This operation occurs as follows: 



Tag 



Address 



Instruction 



Remarks 



1000 . /MAIN PROGRAM 

1001 . /MAIN PROGRAM CONTINUES 

1002 . /INTERRUPT REQUEST OCCURS 
INTERRUPT OCCURS 

0000 . /PROGRAM COUNT (PC = 1003) 

/IS STORED IN 0000 

0001 JMP SR /ENTER SERVICE ROUTINE 



SR 



2000 



3002 
3003 



1003 
1004 



/SERVICE SUBROUTINE FOR 
/INTERRUPTING DEVICE, 
/INCLUDING SEQUENCE TO SAVE 
/AND RESTORE AC, AND 
/L IF REQUIRED. 
ION /TURN ON INTERRUPT 

JMP I 0000 /RETURN TO MAIN PROGRAM 



/MAIN PROGRAM CONTINUES 



In most PDP-8/1 [PDP-8/L] systems, numerous^devices are connected to the 
PI facility, so the routine beginning in core memory address 0001 must deter- 
mine which device requested an interrupt. The interrupt routine determines 
the device requiring service by checking the flags of all equipment connected 
to the PI. The routine then transfers program control to a service-routine for 
the first device encountered that has its flag in the state required to request 
a program interrupt. In other words, when program interrupt requests can 
originate in numerous devices, each device flag connected to the PI must also 
be connected to the lOS. 
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Figure 9-12. Program Interrupt Request Signal Origin 
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MULTIPLE USE OF lOS AND PI 

In common practice, more than one device is connected to the PI facility. In 
the basic PDP-8/1 and PDP-8/L, the teletype flags are already connected. 
Therefore, since the computer receives a request that is the inclusive OR of 
requests from all devices connected to the Pi, the lOS must identify the device 
malting the request. When a program interrupt occurs, a routine is entered 
from address 0001 to sequentially check the status of each frag connected to 
the PI and to transfer program control to an appropriate service routine for 
the device whose flag is requesting a program interrupt. Figure 9-13 shows 
lOS and PI connections for typical devices. 

The following program example illustrates how the program interrupt routine 
determines the device requesting service: 
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Figure 9-13. Multiple Inputs to lOS and PI Facilities 
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Tag 



Address 



>lnstruction 



Remarks 



1000 /MAIN PROGRAM 

1001 /MAIN PROGRAM CONTINUES 

1002 /INTERRUPT REQUEST OCCURS 
INTERRUPT OCCURS 

0000 /STORE PC (PC = 1003) 

0001 JMP FLG CK /ENTER ROUTINE TO DETERMINE 

/WHICH DEVICE CAUSED INTERRUPT 
FLG CK lOT 6341 /SKIP IF DEVICE 34 IS REQUESTING 

SKP /NO — TEST NEXT DEVICE 

JMP SR34 /ENTER SERVICE ROUTINE 34 
lOT 6441 /SKIP IF DEVICE 44 IS REQUESTING 
SKP /NO — TEST NEXT DEVICE 

JMP SR44 /ENTER SERVICE ROUTINE 44 
lOT 6541 /SKIP IF DEVICE 54 IS REQUESTING 
SKP /NO — TEST NEXT DEVICE 

JMP SR54 /ENTER SERVICE ROUTINE 54 



Assume that the device that caused the interrupt (e.g., device 44) is an input 
device (e.g., tape reader). The following example of a device service routine 
might apply. 



Tag 



Instruction 



Remarks 



SR44, 



DAC TEMP /SAVE AC 

lOT XX /TRANSFER DATA FROM DEVICE 

/BUFFER TO AC 
DAC I 10 '/STORE IN MEMORY LIST 
ISZ COUNT /CHECK FOR END 
SKP /NOT END 

JMP END /END. JUMP TO ROUTINE TO A AN OLE 

/END OF LIST CONDITIONS 



/RESTORE L AND EPC i 
TAD TEMP /RELOAD AC 
ION /TURN ON INTERRUPT 

JMP I O /RETURN TO PROGRAM 



F REQUIRED 



The subroutine above assumes that locations 10 and COUNT are used so^iy 
by device 44, and that they have been properly initialized. If the device that 
caused the interrupt was essentially an output device (receiving data from 
computer), the lOT — then — DAC I 10 sequence might be replaced by a 
TAD I 10 — then — lOT sequence. 
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CHAPTER 10 
DATA BREAK TRANSFERS 



All notations in brackets [ ] indicate data for tfie PDP-8/L computer only. 
The data break facility allows I/O devices to transfer information directly with 
the PDP-8/1 [PDP-8/L] core memory on a cycle-stealing basis. Up to seven 
devices can connect to the data break facility through the optional Type DMOI 
Data Multiplexer used with the negative bus. (The optional Type DM04 Data 
Multiplexer used with the positive bus can only connect (individually) up to 
three peripheral devices; however, up to three DM04s can be used simulta- 
neously.) The data break is particularly well-suited for devices which transfer 
large amounts of information in block form. 

Peripheral I/O equipment operating at high speeds can transfer information 
with the computer through the data break facility more efficiently than through 
programmed means. The maximum transfer rate^of the data break facility is 
over 7.9 million bps [7.5 million bps for PDP-8/L]. Information flow to effect 
a data break transfer with an I/O device appears in Figure 10-1. 
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Figure 10-1. Data Break Transfer Interface Block Diagram 
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!n contrast to programmed operations, the data break facilities permit an . 
external device to control information transfers. Since the external device 
receives its initialization and control signals from the computer, programmed- 
data transfer, as well as data break, logic is usually required on such devices. 
Therefore, data-break device interfaces requii-e more control logic circuits, 
causing a higher cost than programmed-transfer interfaces. 

Data breaks are of two basic types: single-cycle and three-cycle. In a single- 
cycle data break, registers in the device (or device interface) specify the core 
memory address of each transfer and count the number of transfers to deter- 
mine the end of data blocks. In the three-cycle data break, two computer core 
memory locations perform these- functions, simplifying the device interface 
by omitting two hardware registers. 

In general terms, to initiate a data break transfer of information, the interface 
control must do the following: 

a. Specify the affected address in core memory. 

b. Provide the data word by establishing the proper logic levels at the com- 
puter interface (assuming an input data transfer), or provide read-in gates 
and stprage for the word (assuming an output data transfer). 

c. Provide a logical signal to indicate direction of data word transfer. 

d. Provide a logical signal to indicate single-cycle or three-cycle data break 
operation. 

e. Request a data break by supplying the proper signal to the computer data 
break facility. 

SINGLE-CYCLE DATA BREAKS 

Single-cycle data breaks are used for input data transfers to the computer, 
output data transfers from the computer, and memory increment data breaks. 
Memory increment is a special output data break in which the content of a 

. _^^ ^^ :- .»_^ ;^r.wr^r^nr^4-r\A W\i 1 pii-K-l f a\k/ r I t+a 11 at tho c^ma »rlrlr«>cc 

iiiciiiuijr auviicoo 13 icau, mv^i oiii^iiv^w wj ^, umj ■«,•>■ iwk>.. > — • .,.— — 

If ;<• ■•oofiii fnr i^niinfinn itorof-irtnc ni" ovtiarna' pv*"itc w/ithniit distutbins the 
computer program counter (PC) or AC registers. 

Input Data Transfers 

Figure 10-2 illustrates the timing sequence of an input transfer data break. 
The address to be affected in core is normally provided in the device interface 
in the form of a 12-bit flip-flop register (data break address register), which has 
been present by the interface control by programmed transfer from the 
computer. 

External registers and control flip-flops supplying information and control 
signals to the data break facility and other PDP-8/1 [PDP-8/L] interface 
elements are shown in Figure 10-3. The input data register (DR) holds the 
12-bit data word to be written into the computer core memory location 
specified by the address contained in the address regrster (AR). Appropriate 
output terminals of these registers are connected to the computer to supply 
ground potential to designate binary Is. Since most devices that transfer data 
through the data break facility are designed to use either single-cycle or three- 
cycle breaks, but not both, the cycle-select signal can usually be supplied from 
a stable source (such as a ground connection or a — 3V clamped load 
resistor), rather than from a bistable device as shown in Figure 10-3. 
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Other portions of the device interface, not shown in Figure 10-3, establish the 
data word in the DR, set the address into the AR, set the direction flip-flop to 
indicate an input data transfer, and control the break request flip-flop. These 
operations can be performed simultaneously or sequentially, but all transients 
should occur before the data break request is made. Note that the device 
interface need supply only static levels to the computer, minimizing the 
synchronizing logic circuits necessary in the device interface. 

When the data break request arrives, the computer completes the current 
instruction, generates an address-accepted pulse (at TP4 of the cycle pre- 
ceding the data break) to acknowledge receipt of the request, then enters the 
Break state to effect the transfer (see Chapter 5 of this handbook for more 
details on data break operations performed by the computer). The address- 
accepted pulse can be used in the device interface to clear the break request 
flip-flop, increment the content of the address register, etc. If the break- 
request signal is removed before TPl time c4 the data break cycle, the 
computer performs the transfer in one 1.5-/xs cycle and returns to programmed 
operation. Devices using the positive bus must gate their data bits with B 
Break to ensure proper operation when used with the DM04 multiplexer. 
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Output Data Transfers 

Timing of operations occurring in a single-cycle data break is shown in Figure 
10-4. Basic logic circuits for the device interface used in this type of transfer 
are shown in Figure 10-5. Address and control signal generators are similar 
to those discussed previously for input data transfers, except that the transfer- 
direction signal must be at ground potential to specify the output transfer 
of computer information. An output data register (OB) is usually required 
in the device interface to receive the computer information. The device, and 
not the computer, controls strobing of data into this register. The device 
must supply strobe pulses for all data transfers out of the computer (pro- 
grammed or data break), since circuit configuration and timing characteristics 
differ in each device. 

When the data break request arrives, the computer completes the current 
instruction and generates an address-accepted pulse as in Input Data 
Transfers. At time TP4, the address supplied to the PDP-8/1 [PDP-S/L] is 
loaded into the MA, the Break state is entered, and the MB is cleared. Not 
more than 950 ns after TP4 (at time TP2), the content of the device-specified 
core memory address is read and available in the MB. (This word is auto- 
matically rewritten at the same address during the last half of the break cycle 
and is available for programmed operations when the data break is complete.) 
Data-bit signals are available as static levels of ground potential for binary 
Is and — 3V for binary Os on the negative bus. On the positive bus, output 
data bits are available as static levels of +3V for binary Is, and OV, for 
binary Os. The MB is changed only at time TP2 of each computer cycle, so 
the data word is available in the MB for approximately 1.5 /is to be strobed 
by the device interface. 

Generation of the strobe pulse by the device interface can be syncnronized 
with computer timing through use of timing pulses BTSl or BTS3, which 
are available at the computer interface. In addition to a timing pulse (delayed 
or used directly from the computer), generation of this strobe pulse should 
be gated by condition signals that occur only during the break cycle of an 
output transfer. Figure 10-6 shows typical logic circuits to effect an output 
data transfer, in this example, the B-break signal and an inverted transfer- 
direction signal are combined in a diode NAND gate to a condition a diode- 
capacitor-diode (DCD) gate. A buffered BTSl pulse triggers the DCD gate to 
produce the strobe pulse. 

The BTSl pulse determines the timing of the transfer in this example, since 
the input of the output buffer register has DCD gates. Conventional DCD gates 
require a minimum set-up time of 400 ns, which is adequately provided 
between the time when data is available in the MB and time TSl. 

A similar diagram for use on the positive bus is also shown. 

By careful design of the input and output gating, one register can serve as 
both the input and the output buffer register. Most DEC options using the data 
break facility have only one data buffer register with appropriate gating to allow 
it to serve as an output buffer when the transfer direction is out of the com- 
puter, and as an input buffer when the transfer direction is into the computer. 
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Memory Increment 

In this type of data break, the content of core memory at a device-specified 
address is read into the MB, incremented by 1, and rewritten at the same 
address within one 1.5 /xs [1.6 fis] cycle. This feature is particularly useful 
in building a histogram of a series of measurements, such as in pulse-height 
analysis applications. For example, in a computer-controlled experiment that 
counts the number of times each value of a parameter is measured, a "data 
break can be requested for each measurement, and the measured value can 
be used as the core memory address to be incremented (counted). 

Signal interface for a memory increment data break is similar to an output 
transfer data break, except that the device interface generates an increment- 
MB signal and does not generate a strobe pulse (no data transfer occurs 
between the PDP-8/1 [PDP-8/L] and the device), timing of memory increment 
operations appears in Figure 10-7 and an example of the logic circuits used 
by a device interface appears in Figure 10-8. 

An interface for a device using memory increment data breaks must supply 
12 data-address signals, a transfer-direction signal, a cycle-select signal, and 
a break-request signal to the computer's data break facility, as is detailed in 
the description of an output transfer data break. In addition, a ground potential 
increment-MB signal must be provided at least 250 ns before time TP2 of the 
break cycle. This signal can be generated in the device interface by AND- 
combining the B-break computer output signal, the output transfer condition 
of the transfer-direction signal, and the condition signal in the device that 
indicates that an increment operation should take place. When the computer 
receives this increment-MB signal, it forces the MB control element to gen- 
erate a count-MB signal aftime TP2 to increment the content of the MB. 

The device interface logic, shown in Figure JO-8, samples the word count 
overflow signal to determine if word count overflows when the data word is 
incremented. If overflow occurs, this logic requests a program interrupt to 
allow the program to take some appropriate action, such as incrementing a 
core memory for numbers above 4096, stopping the test to compile the data 
gathered to the current point in the operation, reinitializing the addressing, etc. 
The logic in the figure uses the select code of programmed data transfer 
operation to skip on the overflow condition to determine the cause of a 
program interrupt, to clear the overflow fiip-flop, and to clear the device fiag. 
Note that the devices that use data break transfers almost always use 
programmed data transfers to start and stop operation of the device, to 
initialize registers, etc., and do not rely on data break facilities alone to 
control their operations. 
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Figure 10-7 Memory Increment Data Break Timing Diagram 
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THREE-CYCLE DATA BREAKS 

Timing of input or output 3-cycle data breaks is illustrated in Figure 10-9. 
The 3-cycle data break uses the block transfer control circuits of the computer. 
The block transfer control provides an economical method of controlling the 
flow of data at high speeds between PDP-8/1 [PDP-8/L] core memory and fast 
peripheral devices, e.g., drum, disk, magnetic tape and line printers, allowing 
transfer rates in excess of 220 kHz [208 kHz]. 

The 3-cycle data break facility provides separate current address and word 
count registers in core memory for the connected device, thus eliminating the 
necessity for flip-flop registers in the device control. When several devices 
are connected to this facility, each is assigned a different set of core locations 
for word count and current address, allowing interlaced operations of all 
devices as long as their combined rate does not exceed 220 kHz [208 kHz]. 
The device specifies the location of these registers in core memory; thus, the 
software remains the same regardless of what other equipment is connected 
to the machine. Since these registers. are located in memory, they may be 
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Figure 10-9. Three-Cycle Data Break Timing Diagram 
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loaded and unloaded directly without the use of lOT pulses. In a procedure 
where a device requests to transfer data to or from core memory, the 3-cycle 
data break facility performs the following sequence of operations: 

a. An address is read from the device to indicate the location of the word 
count register. This address is always the same for a given device; thus, 
it can be wired in and does not require a flip-flop register. 

b. The content of the specified address is read from memory and 1 is 
added to it before it is rewritten. If the content of this register becomes 
as a result of the addition, a WC-overflow pulse will be transmitted to the 
device. To transfer a block' of n words, this register is loaded with -n during 
programmed initialization of the device. After the block has been fully 
transferred, this pulse is generated to signify completion of the operation. 

c. The next sequential location is read from memory as the current address 
register. Although the content of this register is normally incremented 
before being rewritten, an increment CA-inhibit ( + 1 -> CA Inhibit) signal 
from the device may inhibit incrementation. To transfer a block of data 
beginning at location A, this register is program-initialized by loading it 
with A-1. 

d. The content of the previously read current address is transferred (after 
incrementing) to the MA to serve as the address for the data transfer. This 
transfer may be in either direction, in a manner identical to the single-cycle 
data break system. 
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The 3-cycle data break facility uses many of the gates and transfer paths of the 
single-cycle data break system,. but does not preclude the use of single-cycle 
data break devices. Any combination of 3-cycle and single-cycle data break 
devices can be used in one system, as long as a multiplexer channel is avail- 
able for each. Two additional control lines are provided with the 3-cycle data 
break. These are: 

a. Word Count Overflow. A level change from GND to — 3V, from time 
TP2 to time TP4, is transmitted to the device when the word count becomes 
equal to 0. 

b. Increment CA Inhibit. When ground potential exists, this device-supplied 
signal inhibits incrementation of the current address word. 

In summary, the 3-cycle data break is entered similarly to the single-cycle 
data break, with the exception of supplying a ground level cycle-select signal 
to allow entry of the Word Count state to increment the fixed core memory 
location containing the word count. The device requesting the break supplies 
this address, as in the single-cycle data break, except that this address is 
fixed and can be supplied by wired ground and -3V or +3V signals, rather 
than from a register. Following the Word Count state, a Current Address state 
is entered in which the core memory location following the word count address 
is read, incremented by one, restored to memory, and used as the transfer 
address (by MB being transferred to MA). Then the normal Break state is 
entered to effect the transfer. 
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GLC-8 is a computer-based system that will service 20 or more gas 
chromatographs simultaneously. It is the least expensive, most 
sophisticated system of its type available. 
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CHAPTER 11 
DIGITAL LOGIC CmCUITS 

The digital logic circuits in this chapter are used to interface I/O devices to 
the PDP-8/1 or PDP-8/L computer using Digital Equipment Corporation FLIP 
CHIP Modules. Logic Handbooks published by DEC, describe hundreds of 
FLIP CHIP Modules, with their component circuits, associated accessories, 
hardware, Power supplies, and mounting panels. Before beginning on inter- 
face design for a special I/O device, the designer should study the Logic 
Handbooks carefully. 

The basic logic circuits used for interfacing with these computers are: AND, 
OR, NAND, NOR, Flip-Flop, Single-Shot, Schmitt Trigger, Inverter, Amplifier, 
and Bus Drivers. A brief discussion of these functions and their logic 
symbology follows. 

The symbology employed with the PDP-8 family of computers and M-series 
modules is similar to MIL-STD-806B. This chapter describes DEC symbology 
with definitions of logic functions, graphic representations of the functions, 
and examples of their application. A Table of Combinations is also shown. 

LOGIC SYMBOLS 

The following list of logic symbols has truth tables that show graphic repre- 
sentations of the logic functions. In the truth tables, the letter H stands for 
HIGH (±3V) and the letter L stands for LOW (OV). Examples of DEC symbology 
are shown along with figures and truth tables. 

State Indicator 

The presence of the small circle symbol at the input(s) of a function indicates 
that an L input signal activates the function. The absence of this small circle 
indicates that an H input signal activates the function. Similarly, a small circle 
at the output of a function indicates that the output terminal of the activated 
function is relatively low and the absence of the circle indicates the output 
is relatively high. 

State Indicator Absent 



a. AND — The symbol in Figure 11-1 represents the AND function. The 
output (F) is high only if both inputs (A and B) are high. 

b. OR — The symbol in Figure 11-2 represents the OR function. The OR 
output (F) is high if any input (A or B) is high. 
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Figure 11-1. Symbol, AND Function 
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State Indicator Present 



a. NAND — The symbol in Figure 11-3 represents one version of the NAND 
function. The output (F) is low only when all inputs (A, B and C) are high. 
NAND logic is the major gate configuration in the PDP-8 family. 
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Figure 11-3. Symbol, NAND Function 
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Figure 11-4. Symbol, NOR Function 



c. NOR — The symbol in Figure 11-5 represents another version of the 
NOR function. The output (F) is high if one or more of the inputs (A, B or 
C) is low. The NOR version for this function is identical to one version of 
the NAND function, shown in Figure 11-3. 
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Figure 11-5. Symbol, NOR Function 

Table of Combinations 

Table 11-1 illustrates the applications, functions, and truth tables of two 
variables and their equivalents, as well as their relationship to DEC logic. 



Table 11-1. Table of Combinations 



AND 


OR 


A 


B F 


A 

B 


>■' 


:3 >' 


H 
H 

L 

L 


H H 
L L 
H L 
L L 


A -0 

B —0 


>' 


::)>■ 


H 
H 

L 
L 


H L 
L L 
H L 
L H 


A -0 
B -0 


>' 


::)>' 


H 
H 

L 
L 


I X I _i 
X _l X -J 


A 

B 


>■ 


:3 >' 


H 
H 

L 
L 


-I X X X 
X _J I _J 



225 



Filp-Flop 

The symbol in Figure 11-6 shows the flip-flop function. The pins are numbered 
counterclockwise on a standard flip-flop. The flip-flop has four possible inputs: 
sets(s), reset(r), data(d), and clock(c); and two data outputs, logic (low) and 
logic 1 (high). If the data input is high and a pulse is applied to the clock input, 
the flip-flop wilLset to the logic 1 state. If the data input is low and a pulse is 
applied to the clock input, the flip-flop will reset to the logic state. When the 
data input is shown with a small circle (redefined flip-flop), the opposite of the 
above is true; that is, if the data input is high and a pulse is applied to the clock 
input, the flip-flop will go to its logic or reset state, etc. Note that the pins 
are numbered clockwise on a redefined flip-flop. Normally, the set and reset 
inputs are high, and a change from high-to-low state at either of these inputs 
causes the flip-flop to set or reset, respectively. 



^ 



Figure 11-6. Symbol, Flip-Flop Function 

Single-Shot Function 

The symbol in Figure 11-7 shows the single-shot (SS) function. The output 
signal shape, amplitude, duration, and polarity are determined by the circuit 
characteristics of the SS device. When it is not activated, the single-shot 
device is in either a or 1 state. When the input is pulsed by a high-to-low 
level change, the 1 output goes high and remains high, and the output goes 
low and remains low for the specific time of the device (normally 50 ms). 



SS 
2 5 



TWO OUTPUT 



Figure 11-7. Symbol, Single-Shot Function 

Schmitt Trigger 

The symbol in Figure 11-8 shows the Schmitt trigger (ST) function. The 
Schmitt trigger is either in a or a 1 state normally (inactivated). When the 
input signal crosses a predetermined voltage threshold, the Schmitt trigger 
changes to its opposite state and remains there until the input signal falls 
below the threshold. 



J^::r\ 



Figure 11-8. Symbol, Schmitt Trigger Function 
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General Logic Symbols 

The symbol in Figure 11-9 is used for functions not specified elsewhere. An 
example of this symbology is the inhibit driver used in the PDP-8 family. " 



Figure 11-9. Symbol, General Logic 



Amplifier 

The symbol in Figure 11-10 shows a linear or nonlinear, current, or voltage 
amplifier. This symbol is used to represent level changers, inverters, emitter 
followers, and lamp drivers. 
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Figure 11-10. Symbol, Amplifier 



Time Delay 

The symbol in Figure 11-11 shows a time-delay device. The time-delay 
duration is specified inside the symbol unless there are two or more outputs. 
When there are two or more outputs, the delay time of each output is marked 
adjacent to th^t output. 



— < 1 1 5 mT^ (OR) (II ) ^5 
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1.5 ms 
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H 
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Figure 11-11. Symbol, Time Delay Function 
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DEC Symbology (Excluding M-Series FLIP CHIP Logic) 

The PDP-8/1 (negative bus) is siiown in DEC logic symbology; therefore, 
since this symbology is used in this handbook, DEC logic symbols are included 
and are shown in Figure 11-12. 







DCC STAW)ARD NEGATIVE PULSE 
DEC STAHOABO POSITIVE OB POSITIVE -GOING PULSE 
DEC STAWMRD HE6ATIVE LEVEL- 
DEC STANDARD GROUM) LEVEL 

FLOW 

-I5V LOAD RESISTOR CLAMPED AT -3V 



PNP TRANSISTOR INVERTER 

1 EMITTER 

2 BASE 

3. COLLECTOR 



LOCK AND GATE FOR 
ICGATIVE SIGNALS 
WITH COMPLEMENTARY 
OUTPUT SIGNALS 



LOGIC OR GATE FOR 
GROUND LEVEL SIGNALS 
WITH COMPLEMENTARY 
OUTPUT SIGNALS 



NEGATIVE SIGNALS 




OlOOe-CAPAClTOR-OfOOE GATE 

1. CONOITK)NBW LEVEL INPUT 

2. TRIGGERING PULSE INPUT 
3 PULSE OUTPUT 



FLIP-FLOP (BISTABLE MUUTIVI8BAT0R ) 
I GATED SET-TO-I INPUT 
Z GATED CLEAR-TO- INPUT 
3 DMKCT CLEAR- TOO WPUT 
4.S OUTPUTS 



INVERTING BUS DRIVER 



B OR W SERIES 

PULSE AMPLIFCn. OUTPUT 

CAN BE MADE POSITIVE OR 

NEGATIVE BV REVERSING 

GROIMO AND SIGNAL OUTPUT 

TERMINALS 



>^^- 



CEV;CE SELECTOR 
LOGIC AS ySEO ^OR ONE 

^LCCT CODE 



Figure 11-12. DEC Logic Symbols 
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CHAPTER 12 
INTERFACE 

All notations in brackets [ ] indicate data for the PDP-8/L computer only^ 

GENERAL 

Since the processing power of a computer depends largely upon the type and 
number of peripheral I/O devices that can be interfaced with it, the PDP-8/1 
and PDP-8/L have been designed for easier interface with a large variety of 
these I/O devices. This chapter deals with and defines the electrical charac- 
teristics of computers, thus allowing the user to design and implement any 
interfaces which might be required to connect I/O devices. 

The simple I/O technique of the computers, the availability of DEC's FLIP 
CHIP logic circuit modules, and DEC's policy of giving assistance wherever 
possible, allow inexpensive, straightforward I/O device interfaces to be con- 
structed. Should questions arise relative to the computer interface character- 
istics, the design of interfaces using DEC modules or installation planning, 
customers are invited to telephone any of the sales offices or the main plant 
in Maynard, Massachusetts. Digital Equipment Corporation makes no repre- 
sentation that the interconnection of its circuit modules in the manner de- 
scribed herein will not infringe on existing or future patent rights. Nor do the 
descriptions contained herein imply the granting of licenses to use, manu- 
facture, or sell equipment constructed in accordance therewith. 

NOTE: Chapters 9 and 10 of this Handbook must be read and thoroughly 
understood before attempting any interface design. 

SECTION 12-1 INTERFACE SIGNALS 

SIGNAL SUMMARY 

All interface connections to the PDP-8/1 [PDP-8/L] are made at assigned 
module receptacle connectors in the mounting frame. Capital letters designate 
horizontal rows of modules within a mounting from top to bottom. Module 
receptacles are numbered from left to right as viewed from the wiring side 
(right to left from the module side). Terminals of a connector or module are 
assigned capital letters from top to bottom, omitting G, I, 0, and Q. Double- 
sided connectors or modules are used with suffix number 1 designating the 
left side and suffix number 2 designating the right side. 

Module receptacles and associated interface signal connections are listed in 
Table 12-1. 

Table 12-1 
Interface Signal Connections 

PDP-8/1 Interface Signals 

RECEPTACLE SIGNAL USE 

JOl BACO-8 outputs 

J02 BAC9-11, BlOP, BI0P2, BI0P4, BTSl, BTS3, and B 

initialized outputs 
J03 BMBO-5 outputs 

J04 BMB6-11 outputs 

JOS ACO-8 inputs 
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Table 12 1 
Interface Signal Connections (cont.) 

RECEPTACLE SIGNAL USE 

J06 AC9-11, SKIP, CLEAR AC, LINE MUX, INTERRUPT 

REQUEST inputs, B TTINST, B RUN, outputs 
J07 DATA ADD 0-8 inputs 

JOS DATA ADD 9-11 inputs, B ADD ACCEPTED, B BREAK 

outputs, and INCREMENT MB 
J 09 DATA 0-8 inputs 

JIO DATA 9-11 inputs, BWC OVERFLOW, CYCLE SELECT, 

and INCREMENT CA, EXT DATA ADD 0, 1, 2 (on 

late model machines) 
Jll EXT DATA ADD 0, 1, 2 inputs 

PDP-8/L Interface Signals 

D36 BAC 0-11, BIOPl, BI0P2, BI0P4, BTSl, BTS3, and 

B INITIALIZE outputs 
D35 BMB 0-11 outputs 

D34 ACO-11, SKIP, INTERRUPT REQUEST, and CLEAR 

AC inputs, B RUN output 
C36 DATA ADD 0-11, BREAK REQUEST, DATA IN inputs; 

B BREAK, B ADD ACCEPTED, B INITIALIZE outputs 
C35 DATA 0-11, CYCLE SELECT, INCREMENT CA, EXT 

DATA ADD inputs, BWC OVERFLOW output 

Terminals C, F, J, L, N, R, and U of these receptacles are grounded within the 
computer and terminals D, E, H, K, M, P, S, T, and V carry signals. These 
terminals mate with Type WOll or W031 Signal Cable Connectors. [Terminals 
Al, CI, Fl, Kl, Nl, Rl, Tl, C2, F2, J2, L2, N2, R2, and U2 of these receptacles 
are grounded within the computer, and terminals Bl, Dl, El, HI, Jl, LI, Ml, 
PI, SI, D2, E2, H2, K2, M2, P2, S2, T2, and V2 carry signals. Terminal A2 and 
B2 are used normally for power. No connection should be made to these two 
pins. These receptacles mate with either M903 or M904 Cable Connectors.] 

Interface connection to the PDP-8/1 [PDP-8/L] can be established for all pe- 
ripheral equiprrierit by rridkillg series Cable coririectioiis between devices, lii 
lRiS iMaiiiici UNiy One set. ui Couics i& uuiiiicv^ieu lu (.nc i<uiii).iui.ci aiiu iWO scls 

are connected to each device; one receiving the computer connection from the 
computer itself or the previous device; and one passing the connection to the 
next device. Where physical location of equipment does not make series bus 
connections feasible, or when cable length becomes excessive, additional 
interface equipment must be provided near the computer. 

All logic signals passing between a positive bus PDP-8/1 [PDP-8/L] and input/ 
output equipment are positive voltage levels or positive signals, allowing direct 
TTL logic interface with appropriate diode clamp protection. Signals passing 
between a negative bus PDP-8/1 and input/output equipment are standard 
negative DEC levels or standard DEC pulses. 

For the positive bus computer (PDP-8/1 with the KA8/IB Positive I/O bus 
option installed, and the PDP-8/L), the positive levels and pulses change from 
ground potential (OV to 0.4V) to ( + 2.4V to +3.6V) and vice-versa. 

For the negative bus PDP-8/1 computer, the standard DEC levels are eittier 
ground potential (O.OV to -0.3V), designated by an open diamond ( — o ); 
or -3V (-3.0V to -4.0V), designated by a solid diamond ( — ♦ ). Standard 
pulses in the positive direction are designated by an open triangle ( — > ) 
and negative pulses are designated by a solid triangle ( — ^ ). 
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INPUT/OUTPUT INTERFACE SIGNAL DESCRIPTIONS 

The words "input" and "output", enclosed in parentiieses, indicate signal 
flow into or out of the computer, respectively. 

Buffered Accumulator Bits (BAC 00-11) (Output) 

The output data path for programmed I/O and interrupt service These lines 
change as a function of contents of the accumulator (whether lOT instruction 
is being executed or not). A pulse, generated by lOT decoding, loads contents 
of these lines into external registers. 

Buffered Memory Bits (BMB 00-11) (Output) 

These are probably the 12 most important bits in the system. BMB03-08 are 
brought out buffered from both sides of the MB flip-flops. Thus, 't 's easy to 
construct gates based on various combinations of these bits. Bits BMBOO-02 
and BMB09-11 are used primarily for data break, although BMB09-11 are 
also useful for extra decoding when microprogramming is not required. 

lOPs (Output) 

When an lOT is detected, the computer sequentially samples the state of 
MBll MBIO, and MB09 flip-flops, in that order. If any of these bits are set, 
pulses appear at the lines designated lOPl, I0P2, and I0P4, respectively 10 Ps 
are approximately 600 ns wide and 800 ns apart in both the PDP-8/1 and 
PDP-8/L computers. It should be noted that MB is stable during the lOP 
interval. The MB is loaded approximately 0;5 us before lOPl; however, users 
should not rely on this time for DCD gate setting time because of cable delays 
and the fact that future machines may have different timing. 

AC Inputs (Input) 

These signals cause data to be read into the AC. The data path for input 
programmed transfers, these -lines, like all input lines, are designed to be 
operated as wired OR circuits. That is, these lines are loaded m the central 
processor and are driven to ground in the peripheral(s) by circuits with no 
collector loads. 

Clear Accumulator (Input) 

In the PDP-8/1 and PDP-8/L, this line may be asserted at the same time as 
the AC inputs are asserted. The result is a jam-transfer of data from AC input 
lines to AC. The Clear Accumulator line may also be asserted by a separate lOP 
if desired. The result is then ->- AC. 

Skip (Input) 

This signal causes an extra PC increment. 

Interrupt Request (Input) 

This signal causes the execution of a JMS to location if the interrupt system 
has been enabled. 

B Run (Output) 

This signal signifies that the computer is executing instructions. 

Power Clear or Initialize (Output) 

A level which appears at the time the machine is turned on and also whenever 
the START switch is depressed. It is used for clearing I/O devices (especially 
flags and flip-flops controlling mechanical motion) and for placing the I/O 
devices into a known state. 
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Timing Pulses (Output) 

These pulses Indicate where the machines are in the memory cycle. The pres- 
ence of BTSl indicates that the computer is starting a memory cycle; in the 
middle of the cycle (between read and write) the timing pulse is BTS3. These 
signals are not usually necessary for interfacing, but are used primarily by the 
DM01 and DM04 data multiplexer for synchronizing several data break de= 
vices to the same computer. 

BTT Inst., TT Data 

Special signals used only by the 680/1 Data Communication System. 

Data Address (Inputs) 

These signals are used by the break system. The data presented to these lines 

defines the address to which the break will occur (if a single-cycle break is 

being requested), or the address of Word Count information (if a 3-cycle break 

IS being requested). 

Data Bits (Inputs) 

Ji]^x^c^'^"^'^ ^""^ "^^^ ^° transfer data to the MB during an input data break. 
(NOTE: In positive bus machines, the gates driving the lines must be gated 
with B Break, otherwise the DM04 Multiplexer will not function properly). 

Break Control Signals (Input and Output) 

Break control signals include input break request, input transfer direction, 
input cycle select, input increment CA, input increment MB, output address 
accepted, output word'count overflow, and output B break. 

An input break signal causes the machine to initiate a 1- or 3-cycle data break. 
Signal IS synchronized by the computer and must be removed upon receipt of 
the address-accepted pulse, unless a second data break cycle is desired. 
Break cycle(s) are entered following the execution of the current instruction. 

An input transfer direction signals indicate the direction of data flow desired. 
Grounding this line causes data flow from the computer to the peripheral. This 
signal must be present during the B cycle. This line is labeled "Data In" in the 
■ L^i -u/ r Ami iiic ijusiiive uus r\Mo/i, ana in tne l-'UP-8/L. 

An input cycle select signal specifies 1- or 3-cycle data breaks. Grounding this 

line causes the break to be a 3-cycle break. Timing considerations for this 

signal are identical to those for the Break Request signal. This line is labeled 

o-Cycle" in positive-bus machines (PDP-8/1 with KA8/I option and PDP-8/L). 

An input increment CA line is normally asserted, causing the accessed current 
address register to be incremented before use each time a 3-cycle data break 
IS requested. Grounding this line inhibits the incrementing gates. If used, the 
signal must be present during the CA cycle. Since CA is not directly available, 
this signal should be established at or before-accepted time and may be 
removed when B Break is asserted. 

An input INCREMENT MB signal is normally negated and is gated with the B 
Break signal at the MB incrementing gates. Asserting this signal during a break 
cycle (with data direction out), causes the contents of the accessed location 
to be incremented. 

Output Address Accepted pulse indicate that the contents of the data address 
lines have been strobed into the computer memory address register and that 
the computer has recognized the break request. Break request and cycle-select 
signals are no longer required for the data break presently in progress and 
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should be removed unless a second data break is desired. 

Output Word Count Overflow is a pulse which indicates that a 3-cycle data 
break is in progress, and that the computer is executing a word count cycle in 
which the word count is being incremented from 7777 toOOOO. This signal is 
used to signify to the peripheral that the desired number of transfers will have 
been completed at the end of the current data break cycle. A pulse also occurs 
on this line if an INCREMENT MB signal causes an overflow. 

The output B Break signal is asserted for one memory cycle. It signifies the 
data exchange memory cycle (the true Break cycle) is in progress. At the end 
of this cycle, the computer fetches the next instruction unless another data 
break request has been made at the beginning of this cycle. 

Extended Data Address Input and Data Field Output 

When the Memory Extension Control, Type MC8/I [MC8/L] is in the computer 
system, devices using the data break facility must supply a 12-bit data address 
and a 3-bit [1-bit] extended data address. Conversely, the programmed trans- 
fer of an address to a register in a device that uses the data break occurs as 
a 12-bit word from the accumulator and a 3-bit [1-bit] data field extension 
from the MC8/I [MC8/L]. The extended data address signal must be ground 
potential to designate a binary 1 and -3V [+3V] to designate a binary 0. 
During a 3-cycle break, WC and CA cycles always occur in field 0. Only the B 
cycle occurs in the field specified by the extended data address. 

B Run Output Signal 

The output of the RUN flip-flop flows to devices through the interface circuits. 
For the negative bus PDP-8/1, this signal is at -3V when the computer is per- 
forming instructions and is at ground potential when the program halts. For 
the positive-bus PDP-8/1 (with the KA8/ 1 option installed) and the PDP-8/L, 
the signal is at ground potential when the computer is performing instructions 
and is at -f 3V when the program halts. Magnetic tape and DECtape equipment 
use this signal to stop transport motion when the PDP-8/1 [PDP-8/L] halts, 
preventing the tape from running off the end of the reel. 

BTSl and BTS3 Output Pulses 

Two buffered timing pulse signals, designated BTSl and BTS3, are supplied 
to I/O devices. These signals can synchronize operations in external equipment 
with those in the computer. The BTSl and BTS3 pulse signals are derived 
from the TSl and TS3 signals generated by the timing signal generator of the 
PDP-8/i [PDP-8/L]. The Type M650 Negative Output (level) Converter stan- 
dardizes the TSl and TS3 pulses in the negative-bus PDP^8/I as negative 
pulses. [The Type M660 Positive Level Driver standardizes the TSl and TS3 
pulses in both the positive bus PDP-8/1 and the PDP-8/L as positive pulses.] 

Initialize Output Pulses 

The Initialize pulses generated and used within the PDP-8/1 [PDP-8/L] are 
made available at the interface connections. External equipment uses these 
pulses to clear registers and control logic during the power turn-on period. 
Use of Initialize pulses in this manner is valid only when the bgic circuits 
cleared by the pulses are energized before or at the same time the POWER 
switch is turned on. Operating the KEY START switch also generates the 
Initialize pulses. Two B Initialize signals are provided in later PDP-8/ls and in 
the PDP-8/L at the interface connections (see Table 12-10), one each for I/O 
and Data Break. The load on these two lines should be equalized by using B 
INITlALIZE-2 for break devices, but the two lines should not be connected 
together. 
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Figure 12-1 and Table 12-2 illustrate and define the input and output lines 
between the PDP-8/1 and the I/O device on the programmed I/O bus. Similarly, 
Figure 12-2 and Table 12-3 illustrate and define the input and output lines 
between the PDP-8/1 and the I/O device on the data break bus. 



PROCESSOR 





B INITIALIZE (1) 






BACOO-11 (12) 




ACOO-11 (12) 




BMBOO-11 (12) 






INTERRUPT REQUEST (1) 






BIOPl (1) 




SKIP (1) 




BI0P2 (1) 




CLEAR AC (1) 




BI0P4 (1) 






B RUN (1) 






BTSl (1) 






BTS3 CI) 











INPUT/OUTPUT 
DEVICES 



(x) = lines 



Figure 12-1 PDP-8/1 and PDP-8/L PROGRAMMED I/O BUS 
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Table 12-2 
Programmed I/O Bus, PDP-8/1 and PDP-8/L 



LINE 
B initialize 



ACOO-11 
BAG 00-11 
BIVIB 00-11 

INTERRUPT REQUEST 

BlOP 1 
SKIP 
BlOP 2 

CLEAR AC 

BlOP 4 

B Run 

BTSl and BTS3 



DESCRIPTION 
This line is asserted when the processor is initially 
powered up or when" the start key is depressed. 
Usually (Output) performs housekeeping on all 
peripheral devices. 

Example: Reset all flip-flops on power up. 
These lines carry information from the peripheral 
device to the accumulator. (Input) 
These lines carry information from the accumu- 
lator to the peripheral devices. (Output) 
These lines carry the device identifier code, a 
unique address to which only one unique device 
will respond. They also carry data out of the 
computer during a break cycle. (Output) 
This line is activated by the device flag and, when 
asserted, causes the processor to JMS to loca- 
tion of memory field and disable the interrupt 
system. (Input) 

This line, when active, is ordinarily used to test 
device flags. (Output) 

This line when active during an lOP, will set the 
Skip flip-flop in the processor. 
This line, when active, is ordinarily used to clear 
the device flag and/or cause the device to oper- 
ate. (Output) 

This control line, when asserted, changes the 
mode of I/O input transfer to a jam transfer. 
(Input) 

When active, is ordinarily used to effect data 
transferred to or from the peripheral devices. 
(Output) 

When active, signals peripheral devices that the 
processor is executing instructions. (Output) 
These lines are used to sync the peripheral de- 
vices, particularly break devices, to the processor 
(Output) 



NOTE 1: All lines coming from the peripheral devices to the processor are 
considered inactive when a voltage potential is applied to them. All lines are 
loaded within the processor. 

NOTE 2: Most lines going to the peripheral devices from the processor are 
considered inactive when there is no potential applied to them. 
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PROCESSOR 



BRK RQST (1) 



CYCLE SELECT 



TRANSFER DIRECTION 



INCREMENT CA (1) 



INCREMENT MB (1) 



DATA ADD 00-11 (12) 



DATA BITS 00-11 (12) 



ADDR EXTENSION (1) 



ADDR EXTENSION 1 (1) 



ADDR EXTENSION 2 (1) 



BMB 00-11 (12) 



B ADD ACCEPTED (1) 



BWC OYERFLQW ''l'> 



B BREAK (1) 



INPUT/OUTPUT 
DEVICES 



(x) = iines 



Figure 12-2 PDP-8/1 and PDP-8/L Data Break Bus 



LINE 



Table 12-3 
Data Break Bus, PDP-8/1 and PDP-8/L 

DESCRIPTION 



BRK RQST 
CYCLE SELECT 

TRANSFER DIRECTION 

INCREMENT CA 

INCREMENT MB 

DATA ADD 00-11 



DATA BITS 00-11 



BMB 00-11 



B ADDRESS ACCEPTED 



BWC OVERFLOW 



B BREAK 



ADDR EXTENSION lines 
0, 1, and 2 



When at OV, indicates to the processor that a 
data break is being requested. (Input) 
Informs the processor that either a single cycle 
data break (voltage potential), or a 3-cycle data 
break (OV) is requested. (Input) 
This line, when at a voltage potential, indicates 
a read operation and, when at OV, indicates a 
write operation. (Input) 

When at OV, this line will not allow the current 
address counter to be incremented. (Useful when 
searching for file numbers.) (Input) 
When at OV, this line allows the memory buffer 
contents to be incremented by 1. Useful in pulse 
height analysis. (Input) 

These lines are pre-wired at the peripheral for 
3-cyGle data break or are driven by buffers from 
a flip-flop register for a 1-cycle data break. They 
specify the address of Word Count (3-cycle break) 
or the Break address (1 cycle break). Ground 
(OV) = 1. (Input) 

These lines are connected to the MB and insert 
information into a memory location. Line condi- 
tions are the same as AC 00-11. (Input) 
These lines are connected to the MB and contain 
inforrnation extracted from a memory location. 
(Input) 

When active, this line contains a pulse beginning 
at TP4 of the first cycle of a data break. It signifies 
to the peripheral that the computer has recog- 
nized the break request. (Output) 
When active, this line indicates to the I/O device 
that the word count location in memory has be- 
come 0. The line becomes active at TP2 of the 
word count cycle and lasts to the end (TP4) of 
the current machine cycle to indicate to the I/O 
device to stop data transfers. A pulse also ap- 
pears on this line if overflow occurs on a memory 
buffer increment. (Output) 
When active, indicates to the device that the 
Break cycle (the last of the 3 cycles when a 3- 
cycle break is requested) has started. The device 
then sends or receives data information, depend- 
ing on the direction of the transfer. (Output) 

When the MC8/I Memory Extension Control and 
the Data Break Facility are used, these three bits 
serve as a 3-bit address extension. [Only one of 
these lines is used by the PDP-8/L.] (Input) 
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Input/Output Signal Connections 

Tables 12-4 through 12-9 list the cable connections for the PDP-8/1 and 
PDP-8/L computers. Tables 12-4 and 12-5 list the input and output (respec- 
tively) cable connections for the negative bus PDP-8/1. Assertion of the signals 
are represented by the symbol column in the tables. 

Tables 12-6 and 12-7 list the input and output (respectively) cable connections 
for the positive bus PDP-8/1; and tables 12-8 and 12-9 list the input and output 
(respectively) cable connections for the PDP-8/L. 



Table 12-4 
PDP-8/1 Negative Bus Input Signals 



Signal 



Symbol 



Interface 
Connection 



Module 
Terminal 



Module 
Type 



ACOO 
ACOl 
AC02 
AC03 
AC04 
AC05 
AC06 
AC07 
AC08 
AC09 
AGIO 
ACll 

oi/" I n 
orxir 

I r^ +■ O ■- »- 1 I r^i" 

Clear AC 
Data Add 
Data Add 
Data Add 
Data Add 
Data Add 
Data Add 
Data Add 
Data Add 
Data Add 
Data Add 
Data Add 
Data Add 






00(1) 



/ 1 \ 

■1 K^) 



01 

02(1) 

03(1) 

04(1) 

05 (1) 

06(1) 

07(1) 

08(1) 

09(1) 

10(1) 

11(1) 




J05D2 


J13A1 


M506 


E2 


D2, 


M506 


H2 


Fl 


M506 


K2 


K2 


M506 


M2 


Ml 


M506 


P2 


R2 


M506 


S2 


J14A1 


M506 


T2 


D2 


M506 


V2 


Fl 


M506 


J06D2 


K2 


M506 


E2 


Ml 


M506 


H2 


R2 


M506 


I/O 

l\4C_ 


11 KA1 




M2 


D2 


M506 


P2 


Fl 


M506 


J07D2 


J16A1 


M506 


E2 


D2 


M506 


H2 


Fl 


M506 


K2 


K2 


M506 


M2 


Ml 


M506 


P2 


R2 


M506 


S2 


J17A1 


M506 


T2 


D2 


M506 


V2 


Fl 


M506 


J08D2 


K2 


M506 


E2 


Ml 


M506 


H2 


R2 


M506 



Table 12-4 
PDP-8/1 Negative Bus Input Signals (cont.) 



Signal 



Symbol 



Interface 
Connection 



BRK RQST 
Transfer Direction 
Increment MB 



Data B 
Data B 
Data B 
Data B 
Data B 
Data B 
Data B 
Data B 
Data B 
Data B 
Data B 
Data B 



it 00 (1 
it 01 (1 
it 02 (1 

03(1 
it 04 (1 
it 05(1 

06(1 
it 07 (1 

08(1 
it 09 (1 

10(1 
it 11 (1 



Cycle Select 
Increment CA 
Addr Extension 
Addr Extension 
Addr Extension 
Line MUX 




Module 
Terminal 



Module 
Type 



K2 


J15M1 


M506 


*M2 


J15R2 


M506 


T2 


J20A1 


M506 


J09D2 


J18A1 


M506 


E2 


D2 


M506 


H2 


Fl 


M506 


K2 


K2 


M506 


M2 


Ml 


M506 


P2 


R2 


M506 


S2 


J19A1 


M506 


T2 


J19D2 


M506 


iV2 


Fl 


M506 


iD2 


K2 


M506 


IE2 


Ml 


M506 


**H2 


R2 


M506 


K2 


J20D2 


M506 


M2 


Fl 


M506 


V2/J11H2 


K2 


M506 


T2/J11F? 


Ml 


M506 


S2/J11D2 


R2 


M506 


J06V2 


J15K2 


M506 



*Direction is into PDP-8/1 when signal 
potential (OV). 

'*3-cycle when at ground potential. 
1 -cycle when at -3V level. 



is -3V, out of PDP-8/1 when ground 
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Table 12-5 
PDP-8/1 Negative Bus Output Signals 



Signal 



Symbol 



BAG 00 (1) 
BAG 01 (1) 
BAG 02 (1) 
BAG 03 (1) 
BAG 04(1) 
BAG 05(1) 
BAG 06(1) 
BAG 07 (1) 
BAG 08 (1) 
BAG 09(1) 
BAG 10 (1) 
BAG 11 (1) 
BIOPl 
BI0P2 
BI0P4 
BTS3 
BTSl 

B Initialize 
BMBOO(l) 

01(1) 

02(1) 

03(0) 

03(1) 

04(0) 

04(1) 

05(0) 

05(1) 

06(0) 

06(1) 

0/ (0) 

u/ u; 

08(0) 

08(1) 

! 09(1) 

i 10(1) 

BMB 11 (1) 

B Break 

B Add Accepted 
BWG Overflow (0) 
B Run 
BIT IN ST 



Interface 


Module 


Module 


Gonnection 


Terminal 


Type 


J01D2 


H07D2 


M651 


E2 


K2 


M651 


H2 


S2 


M651 


K2 


H08D2 


M651 


M2 


K2 


M651 


P2 


S2 


M651 


S2 


H09D2 


M651 


T2 


K2 


M651 


V2 


S2 


M651 


J02D2 


H10D2 


M651 


E2 


K2 


M651 


H2 


82 


M651 


K2 


H11D2 


M651 


M2 


K2 


M651 


P2 


S2 


M651 


S2 


H12D2 


M651 


T2 


K2 


M651 


V2 


S2 


M651 


J03D2 


H13D2 


M651 


E2 


K2 


M651 


H2 


S2 


M651 


K2 


H14D2 


M651 


M2 


K2 


M651 


P2 


S2 


M651 


S2 


H15D2 


M651 


T2 


K2 


M651 


V2 


S2 


M651 


J04D2 


H16D2 


M651 


E2 


K2 


M651 


1 lO 
1 t£. 


CO 


K/ICCI 
IVl \J^ J. 


K2 


H17D2 


M651 


M2 


K2 


M651 


P2 


S2 


M651 


S2 


H18D2 


M651 


T2 


K2 


M651 


V2 


S2 


M651 


J08P2 


H20D2 


M651 


J08S2 


H20K2 


M651 


J10P2 


H19S2 


M651 


J06S2 


H19D2 


M651 


J06T2 


H19K2 


M651 
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Table 12-6- 
Positive 8/1 Bus Input Signals 

(NOTE: All. of these signals are asserted at ground.) 



Signals 



AC 00 BUS 

AC 01 BUS 

AC 02 BUS 

AC 03 BUS 

AC 04 BUS 

AC 05 BUS 

AC 06 BUS 

AC 07 BUS 

AC 08 BUS 

AC 09 BUS 

AC lOBUS 

AC 11 BUS 

SKIP BUS 

INT RQST BUS 

AC CLEAR CONT. BUS 

LINE MUX 

Data Add 00 

Data Add 01 

Data Add 02 

Data Add 03 

Data Add 04 

Data Add 05 

Data Add 06 

Data Add 07 

Data Add 08 

Data Add 09 

Data Add 10 

Data Add 11 

BRK RQST 

DATA IN 

MB INCREMENT 

DATA 00 

DATA 01 

DATA 02 

DATA 03 

DATA 04 

DATA 05 

DATA 06 

DATA 07 

DATA 08 

DATA 09 

DATA 10 

DATA 1 1 

3 CYCLE 

CA INCREMENT 

EXT DATA ADD 

EXT DATA ADD 1 

EXT DATA ADD 2 



Interface 


Module 


Connection 


Terminal 


J05D2 


J13A1 


J05E2 


J13D2 


J05H2 


J13F1 


J05K2 


J13K2 


J05M2 


J13M1 


J05P2 


J13R2 


J05S2 


J14A1 


J05T2 


J14D2 


J05V2 


J14F1 


J06D2 


J14K2 


J06E2 


J14M1 


J06H2 


J14R2 


J06K2 


J15A1 


J06M2 


J15D2 


J06P2 


J15F1 


J06V2 


J15K2 


J07D2 


J16A1 


J07E2 


J16D2 


J07H2 


J16F1 


J07K2 


J16K2 


J07M2 


J16M1 


J07P2 


J16R2 


J07S2 


J17A1 


J07T2 


J17D2 


J07V2 


J17F1 


J08D2 


J17K2 


J08E2 


J17M1 


J08H2 


J17R2 


J08K2 


J15M1 


J08M2 


J15R2 


J08T2 


J20A1 


J09D2 


J18A1 


J09E2 


J18D2 


J09H2 


J18F1 


J09K2 


J18K2 


J09M2 


J18M1 


J09P2 


J18R2 


J09S2 


J19A1 


J09T2 


J19D2 


J09V2 


J19F1 


J19D2 


J19H2 


J10E2 


J19M1 


J10H2 


J19P2 


J10K2 


J20D2 


J10M2 


J20F1 


J11H2, J10V2 


J20K2 


J11E2, J10T2 


J20M1 


J11D2, J10S2 


J20R2 



Module 
Type 



M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

MB 16 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 

M516 
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TabIal2-7 
Positive 8/1 Bus Output Signals 

(NOTE: All of these signals are asserted at +3V.) 



Signals 



Interface 
Connection 



Module 
Terminal 



Module 
Type 



BAG 00 (1) 

BAG 01 (1) 

BAG 02 (1) 

BAG 03 (1) 

BAG 04 (1) 

BAG 05 (1) 

BAG 06 (1) 

BAG 07(1) 

BAG 08 (1) 

BAG 09 (1) 

BAG 10 (1) 

BAG 11 (1) 

BIOPl (1) 

BI0P2 (1) 

BI0P4 (1) 

BTS3(1) 

BTSl (1) 

B INITIALIZE 1, 2 

BMBOO(l) 

BMBOl (1) 

BMB02(1) 

BMB 03 (0) 

BMB 03 (1) 

BMB 04 (0) 

BMB 04(1) 

BMB 05 (0) 

BMB 05(1) 

BMB 06 (0) 

BMB 06 (1) 

BMB 07 (0) 

BMB 07(1) 

BMB 08 (0) 

BMB 08(1) 

BMB 09(1) 

BMB 10(1) 

BMB 11 (1) 

B RUN (0) 

B TT INST 

B WG OVERFLOW (0) 

B ADD AGGEPTED (0) 

B BREAK (0) 



J01D2 

J01E2 

J01H2 

J01K2 

J01M2 

J01P2 

J01S2 

J01T2 

J01V2 

J02D2 

J02E2 

J02H2 

J02K2 

J02M2 

J02P2 

J02S2 

J02T2 

J02V2, J08V2 

J03D2 - 

J03E2 

J03H2 

J03K2 

J03M2 

J03P2 

J03S2 

J03T2 

J03V2 

.I04D? 

J04E2 

J04H2 

J04K2 

J04M2 

J04P2 

J04S2 

J04T2 

J04V2 

J06S2 

J06T2 

J10P2 

J09S2 

J09P2 



H07D2 

H07K2 

H07S2 

H08D2 

H08K2 

H08S2 

H09D2 

H09K2 

H09S2 

H10D2 

H10K2 

H10S2 

H11D2 

H11K2 

H11S2 

H12D2 

H12K2 

H12S2 

H13D2 

H13K2 

H13S2 

H14D2 

H14K2 

H14S2 

H15D2 

H15K2 

H15S2 

HI 602 

H16K2 

H15S2 

H17D2 

H17K2 

H17S2 

H18D2 

H18K2 

H18S2 

H19D2 

H19K2 

H19S2 

H20K2 

H20D2 



M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M660 

M660 

M660 

M660 

M660 

M660 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M66i 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 

M661 
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Table 12-8 






Positive 8/L Bus Input Signals 




(NOTE: All of these signals are asserted at ground.) 






Interface 


Module 


Module 


Signals 


Connection 


Terminal 


Type 


AC 00 BUS 


D34B1 


D29K2, D13E2 


M906, Mill 


AC 01 BUS 


D34D1 


D29M2, D13H2 


M906, Mill 


AC 02 BUS 


D34E1 


D29P2, D13K2 


M906, Mill 


AC 03 BUS 


D34H1 


D29S2, D13M2 


M906, Mill 


AC 04 BUS 


D34J1 


A32A1 


M516 


AC 05 BUS 


D34L1 


A32D2 


M516 


AC 06 BUS 


D34M1 


A32F1 


M516 


AC 07 BUS 


D34P1 


A32K2 


M516 


AC 08 BUS 


D34S1 


A32M1 


M516 


AC 09 BUS 


D34D2 - 


A32R2 


M516 


AC 10 BUS 


Da4E2 


A33A1 


M516 


AC 11 BUS 


D34H2 


A33D2 


M516 


I/O SKIP 


D34K2 


A33F1 


M516 


INT RQST 


D34M2 


A33K2 


M516 


AC CLEAR 


D34P2 


- A33M1 


M516 


DATA ADD 00 


C36B1 


B32B1, DllPl 


M906, Ml 13 


DATA ADD 01 


C36D1 


B32D1, D11P2 


M906, Ml 13 


DATA ADD 02 


C36E1 


B32E1, D11T2 


M906, Ml 13 


DATA ADD 03 


C36H1 


B32H1, B12J1 


M906, Mill 


DATA ADD 04 


C36J1 


B32J1, D13A1 


M906, Mill 


DATA ADD 05 


C36L1 


B32L1, D13J1 


M906, Mill 


DATA ADD 06 


C36M1 


B32M1, D13P2 


M906, Mill 


DATA ADD 07 


C36P1 


B32P1, D13S2 


M906, Mill 


DATA ADD 08 


C36S1 


B32S1, D13U2 


M906, Mill 


DATA ADD 09 


C36D2 


B32D2, A34A1 


M906, Mill 


DATA ADD 10 


C36E2 


B32E2, A34C1 


M906, Mill 


DATA ADD 11 


C36H2 


B32H2, A34D1 


M906, Mill 


BRK RQST 


C36K2 


D29T2, BIIT2 


M906, M216 


DATA IN 


C36M2 


B32M2, AiOM2 


M906, M160 


MEMORY INCREMENT 


C36T2 


A33R2 


M516 


DATA 00 


C35B1 


B33B1, A34F1 


M906, Mill 


DATA 01 


C34D1 


B33D1, A34J1 


M906, Mill 


DATA 02 


C34E1 


B33E1, A34L1 


M906, Mill 


DATA 03 


C34H1 


B33H1,A34N1 


M906, Mill 


DATA 04 


C34J1 


B33J1, A34R1 


M906, Mill 


DATA 05 


C35L1 


B33L1, A34V1 


M906, Mill 


DATA 06 


C34M1 


B33M1, A34E2 


M906, Mill 


DATA 07 


C34P1 


B33P1, A34H2 


M906, Mill 


DATA 08 


C34S1 


B33S1, A34K2 


M906, Mill 


DATA 09 


C34D2 


B33D2, A34M2 


M906, Mill 


DATA 10 


C34E2 


B33E2, A34P2 


M906, Mill 


DATA 11 


C34H2 


B33H2, A3452 


M906, Mill 


3 CYCLE 


' C34K2 


B33K2, A34U2 


M906, Mill 


CA INCREMENT 


C34M2 


B33M2, A12L2 


M906, Ml 60 
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Table ] 


L2-9 






Positive 8/L Bus Output Signals 




(NOTE: AH of these signals are asserted at +3V.) 






Interface 


Module 


Module 


Signals 


Gonnection 


Terminal 


Type 


BAG 00 (1) 


D36B1 


D29B1, D27D1 


M906, M623 


BAG 01 (1) 


D36D1 


D2gDl, D27E1 


M906, M623 


BAG 02(1) 


D36E1 


D29E1, D27K1 


M906, M623 


BAG 03 (1) 


D36H1 


D29H1, D27L1 


M906, M623 


BAG 04 (1) 


D36J1 


D29J1, D27R1 


M906, M623 


BAG 05 (1) 


D36L1 


D29L1, D27S1 


M906, M623 


BAG 06 (1) 


D36M1 


D29M1, D27H2 


M906, M623 


BAG 07 (1) 


D36P1 


D29P1, D27J2 


M906, M623 


BAG 08 (1) 


D36S1 


D29S1, D27N2 


M906, M623 


BAG 09 (1) 


D36D2 


D29D2, D27P2 


M906, M623 


BAG 10 (i) 


D36E2 


D29E2, D27U2 


M906, M623 


BAG 11 (1) 


D36H2 


D29H2, D27V2 


M906, M623 


BIOPl (1) 


D36K2 


G29D2 


M660 


BI0P2 (1) 


D36M2 


G29K2 


M660 


BI0P4(1) 


D36P2 


G29S2 


M660 


BTS3 (1) 


D36S2 


G30D2 


M665 


BTSl (1) 


D36T2 


G30K2 


M660 


B INITIALIZE-1 


D36V2 


G30S2 


M660 


B INITIALIZE-2 


G36V2 


B32V2, G27V2 


M906, M623 


BMBOO(l) 


D35B1 


D30B1, D28D1 


M906, M623 


BMBOl (1) 


D35D1 


D30D1, D28E1 


M906, M623 


BMB02(1) 


D35E1 


D30E1, D28K1 


M906, M623 


BMB 03 (0) 


D35H1 


D30H1, D28L1 


M906, M623 


BMB03 (1) 


D35J1 


D30J1, D28R1 


M906, M623 


BMB04fO^ 


D35L1 


D30L1, D28S1 


M906, M623 


BMB 04 (1) 


D35M1 


D30M1, D28H2 


M906, M623 


BMB 05 (0) 


D35P1 


D30P1, D28J2 


M906, M623 


BMB 05(1) 


D35S1 


D30S1, D28N2 


M906, M623 


BMB 06 (0) 


D35D2 


D30D2, D28P2 


M906, M623 


BMB 06(1) 


D35E2 


D30E2, D28U2 


M906, M623 


BMB 07 (0) 


D35H2 


D30H2, D28V2 


M906, M623 


BMB 07(1) 


D35K2 


D30K2, C27D1 


M906, M623 


BMB 08(1) 


D35M2 


D30M2, G27E1 


M906, M623 


BMB 08(1) 


D35P2 


D30P2, G27K1 


M906, M623 


BMB 09(1) 


D35S2 


D30S2, G27L1 


M906, M623 


BMB 10(1) 


D35T2 


D30T2, G27R1 


M906, M623 


BMB 11 (1) 


D35V2 


D30V2, G27S1 


M906, M623 


BRUN 


D34S2 


D29V2, G27H2 


M906, M623 


B WG OVERLOW (0) 


G35P2 


B33P2, C27N2 


M906, M623 


B ADD AGGEPTED (0) 


G36S2 


B32S2, G27V2 


M906, M623 


B BREAK (0) 


C36P2 


B32P2, C27P2 


M906, M623 
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INPUT/OUTPUT CABLES 

The PDP-8/1 uses two basic types of I/O buses, positive and negative. The 
basic PDP-8/1 has a negative 1/0 bus, but can be converted to a positive I/O 
bus by adding the optional KA8/IB Positive I/O Bus option. The PDP-8/L has a 
positive I/O bus only. 

Overall bus lengths should be as short as possible; bus (cable) lengths are 
defined on page 248 of this chapter. 

The negative-bus PDP-8/1 has an 11-cable interface, 6 cables for programmed 
I/O devices and 5 cables for the Data Break Devices. These cables are single- 
sided connector cables carrying 9 signals each (see Figure 12-3a). 

The only difference between the negative bus PDP-8/1 and the positive bus 
PDP-8/1 is that the latter contains only 4 single-sided-connector cables for 
Data Break Devices. Since the basic computer is the same, when the system 
is wired for positive bus, the fifth cable output is jumpered to the last of the 4 
cable connectors. Interfacing cables for the positive bus PDP-8/1 are single- 
sided-to-double-sided wye cables. The double-sided connectors are used on 
the I/O device and the single-sided ends, are inserted in the computer interface 
connectors (see Figure 12-3b). Table 12-10 lists the part numbers for the 
single-sided-to-double-sided interface cables. 

The PDP-8/L differs from both versions of the PDP-8/1 in that the former's 
interface connector cables are doublc-sided-to-double-sided. Thus, programmed 
I/O devices require 3 double cables and 2 double cables are required for Data 
Break Devices (see Figure 12-3c). Table 12-11 lists the part numbers for the 
double-sided-to-double-sided interface cables. 
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W021 OR W031 



PDP-8/I 



N 
E 
G 
A 
T 
! 

V 

E 

B 
U 
S 



D- 



-f f- 



-/ )- 



-f f- 



-I f- 



-^f- 



— n "^ 

D 

D 

u J 

D 

D 



-D 
-D 



6 CABLES TO 
PROGRAMMED 
I/O DEVICES 



PLUS 



5. CABLES TO 
DATA BREAK 
DEVICES 



W021 OR W031 



M903 OR M904 




SINGLE-ENDED-TO- 

DOUBLE-ENDED CABLES 

TO PROGRAMED I/O DEVICES 



PLUS 



SINGLE-ENDED-TO- 
DOUBLE-ENDED CABLES 
TO DATA BREAK DEVICES 



P0P-8/L 



M903 OR M904 




-I !-- 



DOUBLE-ENDED-TO- 
) DOUBLE-ENDED CABLES 

TO PROGRAMMED I/O DEVICES 



_n ■> 



DOUBLE-ENDED-TO- 
DOUBLE-ENDED CABLES 
TO DATA BREAK DEVICES 



Figure 12-3. Interface Cable Connection Configuration Diagram 
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Table 12-10 
Single-sided-to-Double-sided Interface CabJes 







Shielded 


Cable Length 


Coax No. 


Mylar No. 


1ft. 


BC08D-1 


BC08C-1 


2 ft. 


BC08D-2 


BC08C-2 


3 ft. 


BC08D-3 


BC08C-3 


4 ft. 


BC08D-4 


BC08C-4 


5 ft. 


BC08D-5 


BC08C-5 


6 ft. 


BCOaD-6 


BC08C-6 


7 ft. 


BC08D-7 


BC08C-7 


8 ft. 


BC08D-8 


BC08C-8 


9 ft. 


BC08D-9 


BC08C-9 


10 ft. 


BC08D-10 


BC08C-10 



Table 12-11 
Double-sided-to-double-sided Interface Cables 







Shielded 


Cable Length 


Coax No. 


Mylar No. 


1ft. 


BC08B-1 


BC08A-1 


2 ft. 


BC08B-2 


BC08A-2 


3 ft. 


BC08B-3 


BC08A-3 


4 ft. 


BC08B-4 


BC08A-4 


5 ft. 


BC08B-5 


BC08A-5 


6 ft. 


BC08B-6 


BC08A-6 


7 ft. 


BC08B-7 


BC08A-7 


8 ft. 


BC08B-8 


BC08A-8 


9 ft. 


BC08B-9 


BC08A-9 


10 ft. 


BC08B-10 


BC08A-10 


3.5 ft. 




BC08A-3A 
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SECTSON 12-2 INTERFACE DESIGN 

GENERAL CABLING RULES AND SUGGESTIONS 

Round and flat coaxial cable are electrically interchangeable and may be inter- 
mixed in a system. Round coax is preferable for interconnecting free-standing 
cabinets, since it is more resistant to abuse from using. personnel (e.g., com- 
puter operators, programmers, technicians, etc.) 

Indiscriminate intermixing of shielded mylar and coaxial cable is not advised 
for. use on PDP-8 family computers. For consistency and economy, Digital 
Equipment Corporation recommends all cables be shielded mylar (mylar 
cables' with alternate solid mylar), unless they are used to interconnect free- 
standing cabinets or to gain maximum length. However, no more than one 
change from mylar to coax or from coax to mylar is permitted over the length 
of a bus. 



Table 12-12 lists the various equipment and the associated cable 
restrictions/information 

Table 12-12 Equipment Cabling Restrictions/ Information 



EQUIPMENT 
1. Data Break Bus 



2. Programmed I/O Bus 



3. DM01 Data Channel 
Multiplexer 



4. DM04 Data Channel 
Multiplexer 



RESTRICTION/INFORMATION 

The maximum length of coaxial cable 
that may be used is 30 feet. 

The maximum length of shielded mylar 
cable that may be used is 25 feet. 

The maximum length of coaxial cable 
that may be used is 50 feet. 

The maximum length of shielded mylar 
cable that may be used is 45 feet. 

When inserted on the data break bus, 
the DM01 represents 10 feet of cable; 
only 20 feet of coaxial cable may be 
used or only 15 feet of shielded mylar 
cable may be used for the remaining 
total bus length. 

When inserted on the data break bus, 
the DM04 represents 5 feet of cable; 
only 25 feet of coaxial cable may be 
used or only 20 feet of shielded mylar 
cable may be used for the remaining 
total bus length. 



NOTE 

These restrictions forthe DM01 and DM04 refer to the sum 
cable lengths from^he processor to the DM and from the 
DM to the most distant data break device 
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5. DW08 (A or B) I/O Converter When inserted on the I/O bus, the 

Panel DW08 represents 10 feet of cable. The 

system now has two buses, and for one 
of these buses (the one originating: in- 
the computer), the maximum length of 
coax or shielded mylar is as stated in i 
and 2 above. 

For the converted bus, the sum of the 
length of cable from- the computer to 
the .DW08, and from, the DW08 to the 
most distant peripheral is 10 feet short- 
er than the figures stated in 1 and 2 
above. 

GENERAL NOTE: In order to avoid time delay problems/ the maximum cable 
lengths given must not be exceeded. Peripheral gating time from lOP to SKIP, 
lOP to AC input signals,. and lOP to AC CLEAR should be limited to 100 ns. 
Figure 12-4 illustrates a computation of a complete sample system, computing 
the time delays encountered from the computer through the cables and devices 
to the peripherals. 



.5ns DELAv/lft. OF C0AX(50'max.) IN ONE DIRECTION 



+ 
POP- 8/1 

+ 



DWOS-A 




L I 



PROGRAM' 
MED 
I/O 
DEVICE 



' 10' 
EQUIVALENT 



Since DW08-A.is used with programmed I/O device, max. cable length = 50' 
;. 40' of cable + 10' of equivalent = 50', @ 1.5 ns = 75 ns of delay. .'. Time 
from transmission of lOP to receipt of lOP skip back into, the computer is 
approximately 150 ns. 

1. 5ns DELAY/tft. OF COAX (30'max.) IN ONE DIRECTION 
DM01 I 




r— ^ 



r 



DATA 

BREAK 

DEVICE 



t . 
10' 
EQUIVALENT 

Since DM01 and Data Break device are used, max. cable length = 30'.'. 20' of 
cable + 10' of equivalent = 30', @ 1.5 ns = 45 hs of delay. .*. Time from 
transmission of lOP to receipt of lOP skip back into the computer is approxi-. 
mately 90 ns. 



Figure 12-4 Computation of Sample System Cabling 



249 



INTERFACE TIMING CRITERIA 

Interface timing criteria must be determined when interfacing a peripheral 
device to a PDP-8/1 or PDP-8/L There are certain basic premises involved with 
interrupt processing which must be understood. These are: 

a. The interrupt feature must be turned on via the ION instruction in order 
for the device to be allowed to interrupt the processor. 

b. In order to honor the interrupt, the central processor must have com- 
pleted the instruction it is presently doing. 

c. When an interrupt request is honored, the hardware of the machine will 
force a JMS instruction to location in memory field and will also disable 
the interrupt system. 

d. An interrupt servicing routine must be resident in memory and the start- 
ing address of this routine must be defined in the memory location im- 
mediately following location 0. 

The longest time required to honor an interrupt request is approximately the 
time duration of the slowest instruction. Thus, for a PDP-8/1 without the EAE 
option (or for the PDP-8/L), this time would be 4.5 ns: (the time required to 
complete a 3-cycle instruction) and for the PDP-8/1 with the EAE option, the 
time would be 11 ns. These times assume an interrupt request was made just 
after the processor-entered the Fetch state. 



Two examples are provided to illustrate the use of interface times: 
Example 1 PDP-8/1 without EAE option 



Time between interrupts 

Maximum processor time before interrupt 

for hardware JMS to location 

44.0 ^s Maximum time allowed for servicing before possible errors 

arise. 

Example 2 PDP-8/1 with EAE option 



50.0 
-4.5 


lis 

fiS 


45.5 
-1.5 


MS 
fiS 



50.0 fis Time between interrupts 

-9.0 fis Maximum processor time before interrupt (with EAE option in- 
stalled) (24-bit long shift) 

41.0 /is 

— 1.5 jis for hardware JMS to location d 

39.5 jUS Maximum time allowed for servicing before possible errors 

arise. 



ZbV 



Break synchronization timing may be calculated similarly, using the following 
numbers: 

Instruction 
Max. time before Sequence Producing 
Machine Address Accepted This Time 



PDP-8/1 without EAE 8.05 ,as lOT followed by 3-cycle in- 

struction 

PDP-8/L ~ ' 8.35 fis lOT followed by 3-cycle in- 

struction 

PDP-8/1 with EAE 15.8 ,us Two sequential long shifts of 

24 bits each 

LOADING RULES 

In the design and construction of interface circuits the following must be taken 
into consideration: fan-out, . fan-in, grounding, time delays, cabling, and 
clamping. 

Fan-out is the output loading, in terms of unit loads, a gate is capable of 
driving. Typical fan-out is ten unit loads. A unit load is defined as follows: For 
the logical zero state 1.6 roA (ifiaximum); for th^e logical one state 40 mA 
(maximum). 

Fan-in is the input loading, in terms of unit loads, caused by a gate on the 
output of the source driving it. Typical fan-in (input loading) is one unit load. 

Grounding. A good ground system is very essential to reliable logic operation. 
In systems using digital-to-analog interface the digital system ground should 
be connected to the analog system ground at a single point, often at the 
analog-to-digital interface and a good earth ground provided at this point. 
Sometimes conduit grounding is sufficient but it is generally safer, and often- 
times necessary, to ground the system to a good earth ground through #4 
gage copper wire, or equivalent, to a steel beam or a cold water pipe. 

Time Delays and Cabling. DEC logic generates waveforms with rising edges 
containing frequencies of over 100 MHz. At these frequencies the inductance, 
mutual inductance, capacitance, and transmission line properties of I/O 
busses and interface cabling become noticeable. To avoid potential problems,, 
the following rules and guides are provided. 

a. The propagation delay of typical wiring is 1.5 ns/ft (4.5 ns/m). Although 
this. delay is usually small in comparison with gate delays, it is often signifi- 
cant when overshoot and reflections are considered. 

b. The current carrying capacity of a wire is only V/Zq until the wave 
(change) has propagated along the wire three times (4.5 ns/ft; lo..5 ns/ m^. 
Typical wiring has a characteristic impedance (Zq) of approximately 150 
ohms, so that the current available at the end of the wire for rising wave- 
forms' is only 20 mA until reflections propagated, regardless of the source 
current available. 

c. The inductance and capacitance of wiring combine to produce high 
frequency ringing on the transitions of waveforms. This ringing can be con- 
trolled by either resistively terminating the line with approximately 100 
ohms, if the circuit will drive it, or with the DEC level terminator circuit 
incorporated into the G796, G704, and other modules. 
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d. The mutual inductance and capacitance of the wiring also causes high- 
frequency cross-talk which may produce false operation of the logic. This 
can be reduced by one of the following ways: minimizing the number of 
high-frequency signal components, by clipping or fclamping high-frequency 
ringing with a level terminator circuit; or by wiring with short wires and/or 
twisted pairs, thereby reducing coupling. 

Clamping is used to prevent the excursion of the output vr input voltages 
beyond certain predetermined limits. This is sometimes necessary to prevent 
false triggering of gates. 



i/0 BUS MODULES 

Computer I/O bus modules censist of the M506, M651, Mill, M906, M516, 
M660, M661, Ml 13, and M623 modules. Interface signals to the PDP-8/1 
(negative bus) computer use the M506 module; interface signals to the PDP-8/1 
(positive bus) use the M516 module; and interface signals to the PDP-8/L use 
either a combination of Mill and M906 modules or the M516 module. Inter- 
face signals from the PDP-8/1 (negative bus) computer use the M651 module; 
interface signals from the positive-bus PDP-8/1 computer use either the M660 
or M661 modules; and interface signals from the PDP-8/L computer originate 
from a combination of M623 and M906 modules for data signals and M660 
modules for timing signals. 

M506 Negative Input Converter (See Figure 12-5) — The M506 inverter 
module accomplisries level conversion from the negative potential received 
from the peripheral devices to the positive potential required for the positive 
logic fijnctloning within the PDP-8/1. This module contains six non-inverting 
signal converters which are used to interface the negative logic levels or pulses 
to positive logic levels of -f3V and ground. 



INPUT A1 O- 
iFROM DEVICE) 








O E 1 .OUTPUT 

(TO PROCESSOR) 



-15 V 



L 



M506 (6 INPUT CONVERTER) 



J 



Figure 12-5 Typical M506 Negative Input Converter 
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M651 Negative Output Converter (see Figure 12-6) — The M651 contains 
tliree non-inverting signal converters which are used to interface the positive 
logic levels or pulses to DEC negative logic levels of -3V and ground. These 
converters provide current drive at a low output impedance so that untermi- 
nated cables or wires can be-driven with a minimum of ringing and reflections. 
A positive AND condition at the input gate produces a ground output. 




O OUTPUT 



INPUT 
(FROM PROCESSOR) 



M651 (SLEVEl C0NVEPT6R) 



Figure 12-6 Typical M651 Negative Output Converter 



M111/M906 and M113/M906 Positive Input Circuits (See Figure 12-7) — 
The Mill or M113 Inverter module is used in conjunction with the M906 
Cable Terminator module which clamps the input to prevent excursions beyond 
+3V and ground in the PDP-8/L. The M906 also provides the pull-up resistors 
to +5V. 



r' 



POSITIVE BUS 
INPUT SIGNAL , 
{FROM EXTERNAL 
DEVICE! 



-4- 



'ki * 



Milt (16 INVERTERS) 
M113 no INVERTEPSl 



, OUTPUT SIGNAL 
(TO PROCESSOR) 



.J 



Figure 12-7 Typical M111/M906 Positive Input Circuit 
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M516 Positive Bus Receiver input Circuit (See Figure 12-8) — Six 4-input 
NAND gates with overshoot and undershoot clamp on one input of each gate. 
Pull-up resistors connected to +5V are also provided. 



M5t6 16 GATES) 



' POSITIVE Bus 

I INPUT SrGNAL a. q- 

I { FROM EXTERNAL 

I DEV 



L. 



"H 



n 






J 



Figure 12-8 Typical M516 Positive Bus Receiver Input Circuit 



M623/M906 Positive Output Circuit (See Figure 12-9) — The M623 Bus Driver 
module contains 6 2-input AND gates bus drivers for driving of the positive 
input bus. Used in conjunction with the M906 Cable Terminator module, the 
output is clanriped to prevent excursions beyond +3V and ground. Output can 
drive -1-5 mA at the high level and sink 20 mA at the low level (for the PDP-8/L 
only). 



US06 
IB CiPCUiTS) 

POSITIVE BUS OUTPUT SIGNALS 
ITQ E XTERNAL DEVICE ) 



n 




ikPU- SIGNAL o„__H \ 

(FROM PROCESSOR) H \ 



11. 




n 



POSITIVE BUS 

Oy^PUr SFGMAL 

(TO EXTERNAL DEVICE) 



J 



OUTPUT SIGNALS FROM PROCESSOR ] 



Figure 12-9 Typical M623/M906 Positive Output Circuit 
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M660 Positive Level Driver (See Figure 12-10) — The M660 Cable Driver con- 
sists of three circuits, each of which can drive 100-ohm terminated cable with 
M Series levels or pulses whose duration is greater than 100 ns. The output 
can drive +5 mA at the high level and sink 20 mA at the low level, in addition 
to termination current required by the G717 termination module. The M660 
module is used in the PDP-8/1 (positive bus) and the PDP-8/L for the following 
output signals: BIOPl, BI0P2, BiOP4, BTS3, BTSl, and B INITIALIZE [B 
INITIALIZE-1]. 



CO 




-~\ 



P^ 



M660 (3 CiRCUiTSI 



Figure 12-10 Typical M660 Positive Level Driver 



M661 Positive Level Driver (ee Figure 12-11) — This circuit consists of a 
transistor and load resistor capable of sinking 20 mA to ground and capable 
of supplying 5 mA at -f 3V. It must not be terminated. The M661 module is 
used in the positive bus PDP-8/1 to interface all output signals other than those 
handled by the M660 module (See Table 12-8). 



r 



1 



+ 5V 
> 220 n 



'H>|— *3V 



INPUTS 




OUTPUT 



INPUTS 




-O OUTPUT 



M66I (3 CIRCUITS) 



Figure 12-11 Typical M661 Positive Level Driver 
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FERiPKERAL EQUiPMEST INTERFACE MODULES. 

Two FLIP CHIP modules are of particular interest In the desigfl of equipment 
to interface to the positive bus computer. Complete details on these and other 
FLIP CHIP miodules can be found in the Digital Logic Handbook. 



M103 Device Seiector — (See Figure 12-12) 

The M103 selects an input/output device according to the code in the instruc- 
tion word (being held in the memory buffer during the lOT cycle). M103 module 
includes diode protection clamps on input lines so that it may be used directly 
on the positive bus computer. 



=3 



=r> 



NU I U5»tU 





BMB 


05(0) 














BMB 


04(0) 






8M8 


05(0) 


















BMB 


06(0) 














BMB 


07(0) 














BMB 


08(0) 














NOT 


USED 













> 



3> 



DEVICE SELECTED 



-O V2 






9 \ j 



BIOP 2 



p — ♦ — o ^ ^'°^'< 



S2 0- 



BIOP 3 



I0T2 



■0 01 



-Z>-H>^" 



I0f4 



« n 



FROM PROCESSOR I/O BUS 



TO EXTERNAL DEVICE 



Figure 12-12 M103 Device Selector Logic Circuit 
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MlOl — Bus Data Interface — (See Figure 12-13) 

Fifteen two-input NAND gates with one input of each gate tied to a common 
line. For use in strobing data off of the positive bus computer I/O bus. MlOl 
module includes diode protection clamps on Input lines so that it may be used 
directly on the positive bus computer positive bus. 



DEVICE SELECTED (FROM MI03) 




SAC 01 i 

D1 O ■ 1- 



K 




lO O K1 



M2 O- 



>U2 O- 
O SI 



TO EXTERNAU 



tr>- 



Figure 12-13 MlOl — Bus Data Interface Logic Circuit 
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M Series Module Siimmary 

The following is a list of M Series modules available from Digital Equipment 
Corporation that can be used in designing special interfaces and special de- 
vices. The majority of these modules are described in the Digital Logic Hand- 
book. For those that cannot be found in the Handbook, contact the nearest 
Digital representative. 



M Series {Module Summary 



Type 



.Function 



Description 



15 -f 3 V sources each capable of driving 10 unit loads. 
Can be used for tying off unused inputs. 
Output ratings of -70 V and 0.6 A allow these 2 drivers 
to be used with a variety of medium current leads. 
Output ratings of -20 V and 50 mA. Allow any of the 
12 circuits on this module to drive a variety of incan- 
descent lamps. These drivers can also be used as slow 
speed open collector PNP level shifters to -3 V system. 

15 two-input NAND gates with one input of each gate 
tied to a common line. For use in strobing data from 
the PDP-8/1 or PDP-8/L I/O bus. Pins are compatible 
with Mill. 

Similar to W103 only designed for use with PDP-8/1 and 
PDP-8/L options. Output pulses are not regenerated but 
only buffered. 

16 inverter circuits with a fan-in of 1 unit load and fan- 
out of 10 unit loads. 

10 positive NOR gates with a fan-in of 1 unit load and 
fan-out of 10 unit loads. 

10 2-input positive NAND gates with a fan-in of 1 unit 
load and fan-out of 10 unit loads. 
8 3-input positive NAND gates with a fan-in of 1 unit 
load and a fan-out of 10 unit loads. 
6 4-mput positive NAND gates with a fan-in of 1 unit 
load and a fan-out of 10 unit loads. 
3 8-input positive NAND gates with a fan-in of 1 unit 
load and a fan-out of 10 unit loads. 
6 gates which perform the positive logic function AB -f 
CD. Fan-in on each input is 1 unit load and gate fan-out 
is 10 unit loads. 

12 2-input positive NAND gates which can be used in a 
wired OR manner. Gates are grouped in a 4-4-3-1 con- 
figuration with a fan-in of 1 uriif load and a fan-out 
which depends on the number of gates ORed together. 

3 general purpose multi-input gates which can be used 
for system input selection. Fan-in is 1 unit load and 
fan-out is 10 unit loads. 

A binary to 8-line or BCD to 10-line decoder. Gating is 
provided so that up to 6 binary bits can be decoded 
using only M161's. Accepts a variety of BCD codes. 
2 circuits each of which can be used to generate .even 
or odd parity signals for four bits of binary input. 

4 circuits that can be used for input selection. Each 
circuit is of an AND/OR configuration with 4 2-input 
AND gates. 



M002 


15 Loads 


M040 


Solenoid 




Driver 


M050 


50 ma 




Indicator and 




Driver 


MlOl 


Bus Data 




Interface 


M103 


Device 


* 


Selector 


Mill 


inverter 


M112 


NOR Gate 


M113 


10 2-lnput 




NAND Gates 


M115 


8 3-input 




NAND Gates 


Mil/ 


6 4-input 




NAND Gates 


M119 


3 8-lnput 




NAND Gates 


M121 


AND/NOR 




Gates 


M141 


NAND/OR 




Gates 


Ml 60 


Gate Module 


M161 


Binary to 




Octal/Decimal 




Decoder 


M161 


Parity Circuit 


M169 


Gating 




Module 
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Type 



Function 



Description 



3 J. K. flip-flops with multiple input AND gates on J and 
K. Versatile units for many control or counter purposes. 
All direct set and clear inputs are available on module 
pins. 

8 single-input set-reset flip-flops for use as buffer stor- 
age. Each circuit has a fan-in of 1 unit load and a fan- 
out of 10 unit loads. 

4 J-K flip-flops which can be interconnected as a ripple 
or synchronous counter or used as general control 
elements. 

6 D-type flip-flops which can be used in shi'ft registers, 

counters, buffer registers, and general purpose control 

functions. 

6 single-input J- and K-type flip-flops for use in shift 

registers, ripple counters, and general purpose control 

functions. 

An internally connected 8-bit buffer or shift register. 

Provisions are made for gated single-ended parallel 

load, bipolar parallel output, and serial input. 

A 6-bit binary up/down ripple counter with control gates 

for direction changes via a single control line. 

An internally connected left-right shift register. Provi- 
sions are made for gated single-ended parallel load, 
bipolar parallel output, and serial input. 
One decade of 8421 up or down counting is possible 
with this module. Provisions are made for parallel load- 
ing, bipolar output, and carry features. 
One decade of a modified shift register which allows 
high speed conversion (100 ns per binary bit) of binary 
data to 8421 BCD code. System use of this module 
requires additional rnodules. 

2-pulse or level-triggered one-shot delays with output 
delay adjustable from 50 ns to 7.5 ms. Fan-in is 2 
unit loads and fan-out is 25 unit loads. 
Fixed tapped delay line with delay adjustable in 50 ns 
increments from 50 ns to 500 ns. Two digital output 
amplifiers and one driver are included. 
Continuously variable delay line with a range of 50 ns 
to 500 ns. Module includes delay line drivers and digital 
output amplifiers. 

A gateable RC clock with both positive and' negative 
pulse outputs. The output frequency is adjustable from 
10 MHz to below 100 Hz. 

Stable system clock frequencies from 1 kHz to 10 MHz 
are available with this module. Frequency drift at either 
the positive or negative pulse output is less than 0.01% 
of the specified frequency. 

A stable low frequency reed control clock similar to the 
M452. Stability in the range 10°C to 70°C is better than 
0.15%. For use with communications systems and 
available with- only standard teletype and data set 
frequencies. 



M202 


Triple J. K. 
Flip-Flop 


M203 


Set-Reset 
Flip-Flops 


M204 


Counter- 
Buffer 


M206 


Six Flip-Flops 


M207 


Flip-Flops 


M208 


Buffer Shift 
Register 


M211 
M212 


Binary 
Up/ Down 
Counter 
6-Bit Shift 
Register 


M213 


BCD 

Up/Down 

Counter 


M230 


Binary to BCD 
Shift Register 
Converter 


M302 


Orhe Shot 
Delay 


M310 


Delay Line 


M360 


Variable 
Delay 


M401 


Clock 


M405 


Crystal Clock 


M410 


Reed Clock 
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Type 



Function 



Description 



M452 
M501 
M502 

M506 



Variable Clocl< Provides 880Hz, 440Hz, and 220Hz square waves 
necessary for clocking and M706 and M707 in a 110- 
baud teletype system. 
Schmitt Provides regenerative characteristics necessary for 

Trigger switch filtering, pulse shaping, and contact closure 

sensing. This circuit can be AND/OR expanded. 
Pulses as short as 35 ns can be level shifted from -3 V 
systems to standard M Series levels by the two circuits 



Negative 

Input 

Converts 



Negative 

Input 

Converter 



M507 Bus Converter 



M516 Positive Bus 



M602 


Pulse 




Generator 


M617 


6-4 Input 




NOR 




Buffers 


M627 


Power 




Amplifier 




Module 


M650 


Negative 




Output 


M652 


Negative 




Output 




Converter 


M660 


Positive Level 




Driver 


M661 


Positive Level 




Driver 


M730 


8/1 Bus 




Positive 




Output 




Interfacer 


M731 


8/1 Bus 




Negative 




Output 




Interfacer 



in this converter. This module can also drive low im- 
pedance terminated cables. 

This converter will level shift pulses as short as 100 ns 
from -3 V systems to M Series levels. Each of the 6 
circuits on this module provide a low impedance out- 
put for driving unterminated long lines. 
6 inverting level shifters which accept -3 V and GND, 
as inputs and have an open collector NPN transistor at 
the output. Output rise is delayed by 100 ns for pulse 
spreading. 

6 4-input NOR gates with overshoot and undershoot 
clamps on one input of each gate. In addition, one input 
of each gate is tied to +3 V with the lead brought out 
to a connector pin. 

The 2 pulse amplifiers in this module provide standard 
50 ns or 110 ns pulses for M Series systems. 
6 4-input positive NOR gates with a fan-in of 1 unit 
load and a fan-out of 30 unit loads. 

6 4-input high speed positive NAND gates with a fan-in 
of 2.5 unit loads and a fan-out of 40 unit loads. 

The 3 non-inverting level shifters on this module can 
be used to interface the positive levels or pulses (dura- 
tion greater than 100 ns) of K and M Series to -5 V 
logic systems. 

These two circuits provide high-speed, non-inverting 
level shifting for pulses as short as 35 ns or levels from 
M Series to -3 V systems. The output can drive iow 
impedance terminated cables. 

3 circuits provide low impedance, 100-ohm, terminated 
cable driving capability, using M Series levels or pulses 
of duration greater than 100 ns. Output drive capability 
is 50 mA at +3 V or Ground. 

3 circuits provide low-impedance unterminated cable 
driving. Characteristics are similar to M660 with the 
exception that -f 3 V drive is 5 mA. 
General-purpose positive bus output module for use in 
interfacing many positive level (0 to -f 20 V) systems to 
the PDP-8/1 or PDP-8/L. Module includes device selec- 
tor, 12 bit parallel output buffer, and adjustable timing 
pulses. 

Identical to M730 except, outputs are level shifted for 
to -20 V systems to the PDP-8/1 or PDP-8/L. Module 
includes device selector, 12 bit parallel input buffer, 
and adjustable timing pulses. 
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Type 



Function 



Description 



M732 


8/1 Bus 




Positive 




Input 




Interfacer 


M733 


8/1 Bus 




Negative 




Input 




Interfacer 


M901 


Flexprint 




Cable 




Connector 


M902 


Resistor 




Terminator 


M903 


Connector 


M906 


Cable 




Terminator 



General purpose positive bus input module for use in 

interfacing many positive level (0 to +20 volt) systems 

to the PDP-8/1 or 8/L Module includes device selec% 

tor, 12 bit parallel input buffer, and adjustable timing 

pulses. 

Identical to M732 except inputs are level shifted from 

negative voltage systems. 



Double-sided 36 pin shielded mylar cable connector. 
All pins are available for signals or grounds. Pins A2, 
B2, Ul and yi have 10 ^ resistors in series. 
Double-sided 36 pin terminator module with 100 n 
terminations on signal leads. Alternate ground are pro- 
vided as in the M903 and M904. 
Double-sided 36 pin shielded mylar cable connector 
with alternate grounds for I/O bus cables. 
18 load resistors clamped to prevent excursions beyond 
+3 V and Groun-d. It may be used in conjunction with 
the M623 to provide cable driving ability. 
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SECTION 12-3 HARDWARE DETAILS 



This portion of the chapter provides the interface designer with information 
on design procedures, module layout, wiring, and cable selection. Additional 
help may be obtained from local DEC sales offices. 

I/O CABLING 

The PDP-8/1, PDP-8/L was designed to provide the user maximum ease and 
flexibility in implementing special interfaces. External devices and interfaces 
are constructed and mounted outside of the basic machine, thereby eliminating 
the necessity for modifications to the basic processor. All signals to and from 
the computer are carried on either coaxial or shielded mylar cables. 

Figure 12-14 illustrates the cable configurations for typical systems. For the 
negative bus PDP-8/1, six cables are used for programmed I/O and interrupt 
cable connections in (or out). Five additional cables are used for a total of 11, 
when Data Break devices are implemented. For positive bus PDP-8/1 com- 
puters, six cables are also used for programmed l/Os; however, only 4 data 
break cables are required. Wye-type cables are connected to the first periph- 
eral, thus the bus becomes identical to that of the PDP-8/L after the first 
peripheral. For the PDP-8/L, three dual cables are used for program interrupt 
cable connections (in or out). Two additional dual cables are used for a total 
of five, when Data Break devices are implemented. 
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Figure 12-14 Typical System I/O Cabling 
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MODULE LAYOUT 

In general, module layout Is based on the functional elements within a system 
and is primarily a matter of common sense. Since wire length could be critical, 
layout considerations are advisable. Digital Equipment Corporation has, how- 
ever, layout conventions for I/O cabling to extend devices. The interface de- 
signer may wish to use these conventions as a guide. The general rule is DO 
NOT DEAD-END THE I/O BUS. This means that parallel connections shfould 
always be made at each device to handle possible future expansion. 

Negative Bus Devices 

Module locations 1 through 6 (looking at wiring pin side) in an option mount- 
ing panel are reserved for program interrupt cable connections in (or out). 
Data Break information is assigned to locations 7 through 10, with location 11 
available for data break use with extended memory. The lower mounting of the 
optional mounting panel also has slots 1 through 11 reserved, exactly as 
previously mentioned, for cable in (or out). Cable assignments are shown in 
Figure 12-15a. 

Positive Bus Devices 

Module slots 1 through 5 in the bottom half of the option mounting panel are 
wired in parallel with the top module slot locations 1 through 5. To continue 
the I/O cabling to the next device, the bottom slots are used and the I/O cable 
connections are exactly the same as mentioned above. Cable assignments are 
shown in Figure 12- 15b. 
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(a) For Negative Bus Devices 



CABLE LOCATION 

A 

3 



BAC TO 
BAC 11 



BIOP 1,2,4 



BT 53,1 



B INITIALIZE 



BMB 00 TO 
BMB 11 



AC 00 BUS 

TO 

AC 11 BUS 



T 



SKIP BUS 



DATA ADD 00 

TO 

DATA ADD- 1 1 



BRK RQST 



INT RQST BUS 



AC CLEAR 
CONT BUS 



B RUN 



DATA IN 



MB INCREMENT 



B ADD 
ACCEPTED 



DATA 
TO 

DATA 1 1 



3 CYCLE 



CA INCREMENT 



EXT DATA ADD 



B WC 
OVER FLOW 



R RRFAK 



R INITiai I7F 



SAME ASSIGNMENTS A3 ABOVE 



(b) For Positive Bus Devices 



Figure 12-15 I/O Cable Assignments 
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Cable Selection — Two types of cables are recommended for I/O interface 
connections. 

The first is 9 conductor coaxial cable. This cable protects systems from radiated 
noise and cross talk between individual lines. Goax cable used and sold by 
Digital Equipment Corporation has the following nominal specs: 

Z = 95 ± 5 

C° = 13.75, pf/footapprox. (unterminated) 

L =124 nH/foot approx. 

R = 0.095 12/foot nominal 

Vp = 79% of velocity of light, approx. (1.5 nsec/ft.) 

This cable is available in either flat or round form. , 

The second cable type is 19 conductor-(9 signals and 10 grounds), #30 gauge 
fiat copper shielded mylar. 

CONNECTOR SELECTION 

Of the many connectors available, several have particular application to I/O 
connectors. Price and ordering information is available on these and other 
connectors in the DigitalLogic.Handbook. Of particular interest are the M903 
and M904 types described in the subsequent paragraptis. 

a. M903 Connector — Double-sWed 36-pin Shielded Mylar cable connector 
with alternate grounds for I/O bus cables. (Two Shielded Mylar cables are 
utilized with this connector module.) 

b. M904 Connector -^ Doubletsided 36-pin coaxial cable connector with 
alternate grounds for I/O bus cables. (Two coax cables are utilized with. this 
connector module). 

(1) Signals: 

Bl, Dl, El, HI, Jl, LI, Ml, PI, SI, 
D2, E2, H2, K2, M2, P2, S2, T2, V2 

(2) Grounds: 

Al, CI, Fl, Kl, Nl, Rl, Tl, 
C2, F2, J2, L2, N2, R2, U2 

SIGNAL TERMINATING 

Termination is required- on, programmed I/O cables longer than 20 feetj and 
may be desirable on shorter cables. For negative bus, use 220-ohm shunt 
resistors to ground on lOPl, I0P2, I0P4, BTSl, BTS3, and INITIALIZE. No 
special termination module exists for negative bus. For positive bus, 100 ohms 
to ground on the same lines should be used. (A G717 module accomplished, 
this and should be inserted at the end of the bus on cable number 1.) If two 
buses are present in a machine, they are electrically independent, and must 
be separately terminated. 

WIRING HINTS 

These suggestions may help reduce mounting panel wiring time. They are not 
intended to replace any special wiring instructions given on individual module 
data sheets or in application notes. For fast, neat wiring, the following order is 
recommended: 

a. All power wiring (Pins A2, B2, C2, Tl) and any horizontally bussed signal 
wiring. Use Horizontal Bussing Strips, Type 933. Minus 15V should^ be 
supplied to pin B only if that voltage is required by the module in question. 
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b. Vertical grounding wires interconnecting each chassis ground with Pins 
C2 & Tl grounds. Run these wires from the uppermost mounting pane) to 
the bottom panel. On the first and last blocks of the mounting panel, con- 
nect the grounds to the chassis. 

c. All other ground wires. Connect pin C2 of each module to Tl of each 
module, to C2 of the next module down, etc., making connections to all 
other pins to be grounded along the way. The usual practice of concern 
over ground loops should be totally disregarded. At the frequencies involved 
in digital logic, many parallel paths are of utmost importance. Do not forget 
that connections should be made to the ground pins on the signal con- 
nections, 

d. Wire all signal wires in convenient order. Point-to-point wiring produces 
the shortest wire lengths, goes in fastest, is easiest to trace and change, and 
generally results in better appearance and performance than cabled wiring. 
Point-to-point wiring is strongly urged. 

The recommended wire size for use with the H803 mounting blocks and H911 
mounting panel is #30. Larger or smaller wire may be used depending on the 
number of connections to be made to each lug. Solid wire and a heat resistant 
insulation <Kynar) is recommended. The H803 mounting blocks are only avail- 
able with wire wrap pins which necessitates the use of a wire wrap tool. 
(Digital can supply #30 gauge wire in 1000-foot rolls.) 

ADEQUATE GROUNDING IS ESSENTIAL IN ADDITION TO THE CONNEC- 
TIONS BETWEEN MOUNTING PANELS MENTIONED ABOVE, THERE MUST 
BE CONTINUITY OF GROUNDS BETWEEN CABINETS AND BETWEEN THE 
LOGIC ASSEMBLY AND ANY EQUIPMENT WITH WHICH THE LOGIC 
COMMUNICATES. 

When wire wrapping is done on a mounting panel containing modules, the wire 
wrap tool must be grounded except when all modules are removed from the 
mounting panel. This procedure must be followed, because even with tools 
isolated from the ac power line, such as those operated by batteries or com- 
pressed air, static charge may build to sufficient amplitudes where damage to 
semiconductors may result 

COOLING * 

The low power consumption of M Series modules results in a total of about 

XO TV CiaaiuciLiun iii a lyyi^^ai ii^j.x iiiuuiii.iiijg ijanx:i v.uiii.oiiin ig \j~r uiwuuico. 

Convection cooling is sufficient for a few mountmg panels, but forced air cool- 
ing should be used when a very large system is built. 
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lOT ALLOCATIONS FOR PDP-8/1 AND PDP-8/L 
lOT OPTION 

00 Interrupt 

01 High Speed Reader Type PR8 

02 High Speed Punch Type PP8 

03 Teletype Keyboard/Reader 

04 Teletype Teleprinter/Punch - 

05 Displays, Types VC8 and KV8 

06 Displays, Types VC8 and KV8 

07 Displays, Type VC8, KV8 

10 Memory Parity Option MP8 and Power Fail Option KP8 

11 Teletype Systems Type PT08 and DC02 

12 Teletype Systems Type PT08 and DC02 

13 Real Time Clock Type KW8 
14 

15 
16 

20 Memory Extension Control Option Type MC8 and Time Sharrng Option 
KT8 

21 Memory Extension Control Option Type MC8 

22 Memory Extension Control Option Type MC8 

23 Memory Extension Control Option Type MC8 

24 Memory Extension Control Option Type MC8 

25 Memory Extension Control Option Type MC8 and Time Sharing Option 
KT8 ^ . 

26 Memory Extension Control Option Type MC8 and Time Sharing Option 

KT8 

27 Memory Extension Control Option Type MCS.and Time Sharing Option 

KT8 

30 Analog-to-Digital Converter/Scope Control Type AX08 

31 Analog-to-Digital Converter/Scope Control Type AX08 

32 Analog-to-Digital Converter/Scope Control Type AX08 

33 Analog-to-Digital Converter/Scope Control Type AX08 

34 Analog-to-Digital Converter/Scope Control Type AX08 

35 Analog-to-Digital Converter/Scope Control Type AX08 

36 Analog-to-Digital Converter/Scope Control Type AX08 

37 Analog-to-Digital Converter/Scope Control Type AX08 

40 Teletype System Type PT08 and 6801 Communications System 

41 Teletype System Type PT08 and 680X Communications System 

42 Teletype System Type.PTOS and 680r Communications System 

43 Teletype System Type PT08 and 6801 Communications System 

44 Teletype System Type PT08 and 6801 Communications System 

45 Teletype System Type PT08 

46 Teletype System Type PT08 

47 Teletype System Type PT08 

50 Incremental Plotter Type VP8 

51 Incremental Plotter Type VPS 
'52 Incremental Plotter Type VP8 

53 General Purpose A/D Converters and Multiplexers, Types AFOIA, 
AF02A, AF03A, AD08, AM08, AM02A, AM03A and AF04A Scanning 

Digital Voltmeter -,-r,iA 

54 General Purpose A/D Converters and Multiplexers, Types AFOIA, 
AF02A, AF03A, AD08, AM08, AM02A, AM03A and AF04A Scanning 
Digital Voltmeter 
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lOT OPTION 

55 D/A Converter Types AAOIA and AA054A 

56 D/A Converter Types AAOIA and AA054A 

57 D/A Converter Types AAOIA and AA054A, Sample and Hold Control 
Type ACOIA and AF04A Scanning Digital Voltmeter 

60 Random Access Disk File and Control Types DF32 and RF08, anH 
Synchronous Modem Interface Type DPOIAA 

61 Random Access Disk File and Control Types DF32 and RF08, and 
Synchronous Modem Interface Type DPOIAA 

62 Random Access Disk File and Control Types DF32 and RF08, and 
Synchronous Modem Interface Type DPOIAA 

63 Card Reader Type CR8 and Maintenance lOTs for DF32 Disk File 

64 Synchronous Modem Interface Type DPOIAA 

65 Synchronous Modem Interface Type DPOIAA and Line Printer and 
Control Type 645 

66 Synchronous Modem Interface Type DPOIAA and Line Printer and 
Control Type 645 

67 Card Reader Type CR8 and Synchronous Modem Interface Type 
DPOIAA 

70 Automatic Mag Tape Type TC58 and Modem Interface Connector Panel 
Type DC08F 

71 Automatic Mag Tape Type TC58 and Modem Interface Connector Panel 
Type DC08F 

72 Automatic Mag Tape Type TC58 and Modem Interface Connector Panel 
Type DC08F 

73 Automatic Mag Tape Type TC58 and Modem Interface Connector Pane! 
Type DC08F 

74 Automatic Mag Tape Type TC58 and Modem Interface Connector Pane! 
Type DC08F 

75 

76 DECtape Controls TCOl and TC08 

77 DECtape Controls TCOl and TC08 
^Indicates lOTs used by basic machine. 

--Avoid use of lOT 6201 for any purpose other than a CDF instruction. This 
.w, 15 useo uy Ir.e Binary Loader program, even if no extended memory is 



CHAPTER 13 
INSTALLATION AND PLANNING 



SPACE REQUIREMENTS 

Adequate space must be provided at the installation site to accommodate the 
PDP-8/1 [PDP-8/L] and related peripheral equipment and to allow access to 
all doors and panels for maintenance. 

All notations enclosed in brackets ([ ]) indicate data for the PDP-8/L Computer 
only. 

The PDP-8/1 is available only in a rack mounted configuration. This configura- 
tion and related peripherals can be purchased completely installed in DEC 
cabinets or unmounted for installation in the user's cabinet. 

Figure 13-1 illustrates the rack mounted model PDP-8/1. Figure 13-2 illus- 
trates the rack mounted PDP-8/L. The PDP-8/L is also available in a table-top 
model (see Figure 13-3). 

Detailed mounting information is included for PDP-8/1 installation in standard 
BUD and EMCOR racks (see Figures 13-4 and 13-5). 

The standard ASR33 Teletype requires floor space approximately 221^ in. 
wide by I8V2 ""• deep. Signal cable length restricts the location of the teletype 
to within 8 ft. of the side of the computer. 



ENVIRONMENTAL REQUIREMENTS 

Ambient temperature at the installation site can vary between 50°F and 130°F 
(between 10°C and 55°C) with no adverse effect on computer operation. To 
extend the life expectancy of the system, however, it is recommended that 
ambient temperature be maintained between 70°F and 85°F (between 21°C 
and 30°C). Humidity is from 10% to 90% without condensation. 

During shipping or storing of the system, the ambient temperature may vary 
between -4°F and 150°F (0°C and 65°C). Although all exposed surfaces of 
all DEC cabinets and hardware are treated to prevent corrosion, prolonged 
exposure to extreme humidity should be avoided. 
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Figure 13-1 Rack mounted Model of PDP-8/1 
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Figure 13-2 Rack mounted Model of PDP-8/L 
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Figure 13-3 PDP-8/L Table-Top Model 
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VIEW SHOWN WITHOUT FRONT DOOR (SUPPLIED BY BUD IF DESIRED) 
AND WITHOUT LOWER COVER PANEL (SUPPLIED BY DEC) 
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Figure 13-4. Installation BUD Cabinet PDP-8/1 
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VrEW SHOWN WITHOUT FRONT DOOR (SUPPLIED BY EMCOR IF DESIRED) 
AND WITHOUT LOWER COVER PANEL (SUPPLIED BY DEC) 



1 3/8 REF 



I REF, 




Figure 13-5. Installation EMCOR Cabinet PDP-8/1 



274 



POWER REQUIREMENTS 

PDP-8/1 Requirements — A source of 115 V (±17 V), 60 Hz (±2%), single- 
phase power, capable of supplying at least 15 A, must be provided to operate 
a standard PDP-8/! Computer. 

PDP-8/L Requirements — The PDP-8/L Computer requires a source of 115 
VAC, single-phase, (±15 V, -10 V) AC power at a frequency from 47 to 63 
Hz. A 15 A, 3-prong, U-ground power cord on the rear of the chassis is sup- 
plied for connection to the power source. An optional step-down transformer 
can be supplied for 220 V operation. The computer draws 2.5 A and dissipates 
250 W. 

Common Requirements — Teletype power requirements are common to both 
the PDP-8/1 and PDP-8/L Computers. The teletype requires 115 V AC (±10%), 
60 Hz (±0.5 Hz), or 50 Hz (±0.75 Hz) power. 

The teletype, which plugs into the rear of the computer and is controlled by 
the console ON /OFF switch, draws 2.0 A and dissipates 150 W. 

General Requirements — To facilitate connection of the computer power cable, 
the power source should be provided with a Hubbell 3-termina| twistlock plug, 
60 Hz systems use a 30 A twistlock plug, 50 Hz systems use a 20 A twistlock 
plug. 

All free-standing cabinets require independent 115 V receptacles. However, 
these units can be turned on or off, or controlled from the PDP-8/1 [PDP-8/L] 
operator's console. 

Cables connect to cabinets through a drop panel in the bottom of the cabinets. 
Subflooring is not necessary because casters elevate the cabinets to afford 
sufficient cable clearance. 



POWER SPECIFICATIONS FOR COMPUTER INSTALLATION 

It is generally advisable to provide a separate load center/breaker panel for 
the computer system with a breaker for the computer and for each peripheral 
receptacle. DEC recommends that the wiring include a run of No. 4 gauge 
wire from the computer frame to a substantial earth ground. A large water pipe 
or a steel building beam is adequate in most instances, although some sys- 
tems may require a direct connection to a grounding stake or other high- 
quality earth ground. Significant operational difficulties are likely in the event 
of either a poor neutral or poor ground circuit. 

Voltage readings should be made at each receptacle in the computer power 
system to ensure adherence to these power requirements; a checkout pro- 
cedure for testing the electrical system is provided by DEC on request. 
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To compensate for voltage variations, transformer terminals are jumpered; 
the necessary details are included in Figure 13-6. 
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Figure 13-6. Receptacle Jumpering Schematic Diagram 



INSTALLATION PROCEDURE 

During system checkout, customers are invited to visit DEC's Maynard manu- 
facturing facility to inspect and become familiar with their equipment. Com- 
Iwter customers may also se^d personnel to instruction courses on computer 
operation, programming, and maintenance conducted regularly in Maynard, 
Massachusetts. 

DEC engineers are available during installation and testing for assistance or 
consultation. Further technical assistance in the field is provided by home 
office design engineers or branch office application engineers. 



Table 13-1 provides installation data and space requirements to be considered 
when installing a PDP-8/i 



■ rur-o/Lj. 
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TABLE 13-1 INSTALLATION DATA 



UNIT 



NLT WEIGHT 
libs.) 



StRVlCE HEAT 

DIMENSIONS (in. f CLEARANCE DISSIPATION 

HtMBht Width Depth Front Btu/Hr 



CURRENT 

(AMPS) 
Nom Suige 



POWER 
DISSIPATION MOUNTING 



(KW) 



PANELS REMARKS 






PDP 8 L T.lbic Top 

POP 8 I PDP 8, L 
R.ick Mounted 

St.ind.iid Cabinet 
CAB8B (Empty) 

Teletype ASR-33 

Peripheral Expansion; 
Unit BA08 

Paper Tape Reader 
PRE 



80 
190/ 70 

70 

70 
(When Full) 

32 



8 3/4 19 

3011/16 19 
8 3/4 19 



20-3/4 

24-3/4 
20 3/4 



71-7/16 21^11/16 30 



45 23 

83/4 19 

10-1/2 19 



19 

20-3/4 



16 



22 
22 



850 



2660 
850 



375 



850 
(MAX) 



510 



2.5 



7.5 
2.5 



2.0 
2.5 



8.0 



0.78 
0.25 



110 



0.25 
(MAX) 



0.15 



-r- Control logic is in bar.ic PDP-8/1 or POP 8/L 

. Combination of punch and reader designated 

PCB Weighs 40 lb 



Control logic mounts within standard 
PDP8/I or PDP-8/L package 



Paper Tape Punch 
PR8 



Card Reader CR8 

DECtape Automatic 
Control TCOl 

DECtape Transport 
TU55 

Automatic Mag Tape 
Control TC58 



TU20C &TU20D 



32 


101/2 


19 


47 


19 


14 


45 


15-3/4 


19 


35 


101/2 


(9.1/2 


60 


21 


19 


400 


71-7/16 


2111/16 



16 



9-3/4 



30 



22 



680 


2.0 


900 


2.7 


680 


1.75 


410 


1 


1000 


2.6 


4000 


6.8 



0.20 
0.30 
0.20 
p.ll 
0.30 
0.8 



(Table space Control logic mounts within standard 
Required) PDP-8/1 or BA08 unit for PDP 8/L 



Controls up to 8 TU55 DECtape transports 



Controls up to 8 units (TU20C or TU20D) 
industry compatible (or IBM compatible). 

Dimensions are for subsystem mounted in 
a standard cabinet 



Table 13-1 li^stallation Data (Cont.) 



00 



UNIT 

Incremental Mag 
Tape Controller TR02 



Incremental Tape (81/2) 
Transport TU22 (10-1/2") 

Incremental Tape (81/2) 
Transport TU25 (10-1/2") 



Incremental Tape (8-1/2) 
Transport TU28 (I0-1/2") 



Random Access Disk 
File DF32/DS2 

Disk Control and 
File RF08/RS08 



I/O Conversion 
Panel DW08 

Data Channel Multi- 
plexer DM04/DM0I 

A/D Converter 
AFOIA 

A/D Converter 
AF02A 



NET WEIGHT 
(lbs.) 



20 


5-1/4 


19 


60/85 


12-1/4/ 
24-1/2 


19 


60/85 


12-1/4/ 
24-1/2 


19 


60/85 


12 1/4/ 
24-1/2 


19 



SERVICE HEAT 

DIMENSIONS (in.) CLEARANCE DISSIPATION 

Height Widtn Depth Front 



11-3/4 
H-3/i 



75/60 



11-3/4 



10 1/2 19 1/2 21-1/4 



(Dependent on 

size of system) 717/16 21.1.1/Uj 30 ?Z 



5 1/4 19 



20 5 1/4 19 

30 10 1/2 19 



55 



8 11/16 19 



19 1/2 



A/D Converter 
AF03A 



'Dependent on 

size of sub 21 ) 1/16 71 7/16 30 

system) 

c 
(Dependent on 

size of sub- /1//16 2 1 U / 1 5 30 

system) 



CURRENT POWER 

(AMPS) ■ DISSIPATION MOUNTING 

PANELS- REMARKS 



Btu/Hr 


Nom 


Surge 


(KW) 


200 


0.52 


— 


0.06 


400/600 


1.0/1.5 


— 


0.12/0.18 


400/600 


1.0/1.5 


— 


0.12/0.18 


400/600 


1.0/1.5 




0.12/0.18 



0.50 



510/620 

(Plus RS08 

Motors) 


1.3/2.6 
Plus 4.0A 
per RS08 

Motor) 


0.15/0.30 

(Plus RS08 

Motors) 




375 


10 


0.11 


• 1 


170 


0.5 


0.05 


1 
2 



188 



0.5 



0.5 0.06 

(Dependent on size of system) 

(Dependent on size of subsystem) 



Single controller controls one (1) incre- 
mental tr.snsport. Dual controller controls 
two (2) incremental transports. 



8-1/2" Reel Transports are 121/4" in 
height. 10-1/2" Reel Transports are 
24- 1/2" in height 



Dimensions are for subsystem mounted in , 
standard cabinet. 



Dimensions are for subsystem mounted 
in a standard cabinet 



Table 13-1 Installation Data (Cont.) 



CO 



UNIT 



IDVM AF04A 

A/D Converter 
AD08 

D/A Converter 
AAOIA 

Multiplexer Control 
AA05/AA07 

Oscilloscope Dis- 
play VROl A 

Storage Tube Display 
VTOl 

Asynch. Serial Line 
Interface PT08 

Synch Modem Inter- 
face DPOIAA 



NET WEIGHT DIMENSIONS (in.) CLEARANCE DISSIPATION (AMPS) DISSIPATION MOUNTING 

(lbs.) Height Width Depth Front etu/Hr Norn Surge (KW) PANELS" 

71 7/16 ?1 11/16 30 22 



300 



15 51/4 19 — 

15 51/4. 19 — 

(Dependent on 

sizeof system) 71-7/16 21-11/16 30 



28 



51 



15 



19 



17 



11-7/8 11-5/8 22-3/8 

5-1/4 19 — 



30 5-1/4 19 

Mounling Panels are standard DEC 51/4 in. high logic panels. 



235Q 6.0 13.2 0.69 

170 0.45 — 0.05 

170 0.45 — 0.05 

(Dependent on size of subsystem) 



375 



850 



170 



275 



1.0 



2.r 



0.45 



0.70 — 



0.12 



0.25 



0.05 



0.08 



PANELS" REMARKS 



Dimensions are for subsystem mounted 
— in a standard gabinet. 

(Table Space Control logic mounts within standard 
Required) PDP-B/I or BA08 unit for PDP-8/L. 

(Table Space Control logic mounts within standard 
Required) PDP-8/1 or BA08 unit for the PDP-8/L. 



tTnlf space"for"power I"pphe°" '"^^ "' ""'"'""' "°""''' °" ''"" "'"" °' °^^ "'''"'''=• Customers using their own cabinets should allow addi- 



SYSTEM CONFIGURATIONS 

PDP-8/1 [PDP-8/L] Systems (see Figures 13-7 through 13-9) are mounted 
in standard DEC cabinets (see Figures 13-10 through 13-13). There are three 
101/2 in- spaces above the PDP-8/1 PDP-8/L Control Pane! on the basic cabi- 
net. These spaces are numbered consecutively starting just above the control 
cabinet. Each space has options assigned in a fixed priority, as illustrated. 

When systems require additional cabinet space, an option cabinet must be 
added. This cabinet is mounted to the left of the basic cabinet (front view), 
with oDtion oriorities assigned as shown in Figures 13-10 and 13-11. 
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APPENDIX A 
PROGRAM ABSTRACTS 

FAMILY-OF-8 PROGRAMS 

The PDP-8/L or PDP-8/1 is delivered to the user complete with an extensive 
selection of system programs and routines which make the full data processing 
capability of the new computer immediately available to each user and elimi- 
nate many commonly experienced initial programming delays. 

The programs described in these abstracts come from two sources, past 
programming effort on the PDP-5; 8; 8/S, and present and continuing pro- 
gramming effort on these same machines plus the PDP-8/L and PDP-8/1: 
Thus, the programming system takes advantage of the many man-years of 
program development and field testing by Digital computer users. There are 
over 4000 Famiiy-of-8 systems already installed in the field. 

Although many PDP-8/L and PDP-8/1 programs originated with previous 
Family-of-8 computers, all utility and functional program documentation is 
issued anew. 

Programs written by users of Family-of-8 computers and submitted to the 
DECUS Library (DECUS — Digital Equipment Corporation Users' Society) 
are immediately available to FamiIy-of-8 users. Consequently, users of all 
Family-of-8 computers can take advantage of continuing program development. 

SYSTEM PROGRAMS 

DEC-08-AJAD-D 
FOCAL-8 

FOCAL-8 (Formula CALculator for the PDP-8 Family computers) is an on-line, 
conversational interpretive language, used as a tool by ^udents, engineers^ 
and scientists in solving a wide variety of numerical problems. The language 
consists of short imperative English statements and mathematical expressions 
in standard notation. FOCAL puts the full calculating power and speed of the 
computer at the user's fingertips without requiring mastery of the intricacies 
of assembly language programming; in fact, the user need not know anything 
about computers. 

Using FOCAL-8, programs can be entered from the Teletype keyboard and 
immediately executed, with the interpretive features editing, compiling, and 
executing the stored program. FOCAL is available with additional segments 
(overlay tapes) which provide increased calculating accuracy, more core 
for large programs by utilizing two fields of core, or graphic display capabilities. 
Worthy of special mention is the system segment that gives each of seven 
FOCAL users the power and flexibility of FOCAL from one computer. This 
time-sharing system permits one FOCAL program to serve several users so 
that each feels he has the whole system to himself. 

DEC-08-AFCO-D 
4K FORTRAN 

The 4K FORTRAN Compiler lets the user express problems in a mixture of 
English words and mathematical statements. It reduces the time needed for 
program preparation and enables users with, little or no knowledge of the 
computer's organization and operating language to write effective programs. 
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The 4K FORTRAN language consists of four general types of statements: 
arithmetic, logic, control, and input/output. FORTRAN functions include addi- 
tion, subtraction, multiplication, division, sine, cosine, arctangent, square root, 
natural logarithm, and exponentiation. 

DEC-08-KFXB 
8K FORTRAN 

The 8K FORTRAN system translates a source program into relocatable binary 
code. The relocatable binary code is output on paper tape and then loaded 
into the computer for program execution. The 8K FORTRAN system features 
USA Standard FORTRAN syntax; subroutines; two levels of subscripting; func- 
tion subprograms; input/output supervisors; relocatable output loaded by 
the 8K Linking Loader; COMMON statements; I, F, E, A, X, and H format 
specifications; and arithmetic and trigonometric library subroutines. 

The 8K FORTRAN system consists of a one-pass compiler, the 8K SABR 
Assembler, 8K Linking Loader, and a comprehensive Library of subprograms. 
The system requires a PDP-8 Family computer with at least 8K words of core 
memory, an ASR33 Teletype, and a high-speed paper tape reader and punch. 
8K FORTRAN utilizes all available core to 32K. 8K FORTRAN is a modified 
version of USASI Basic FORTRAN. 

DEC-08-ARXA-D 

8K SABR Assembler 

SABR (Symbolic Assembler for Binary Relocatable programs) is an advanced 
one-pass symbolic assembler for 8K to 32K PDP-8 Family computers. SABR 
programs are core page independent, allowing programs to be written without 
regard to the 128-word core page of the computer. SABR automatically 
generates off-page and off-field references for direct and indirect statements. 
It also automatically connects instructions on one page to those that overflow 
onto the next. The list of available pseudo-ops is extensive, including external 
subroutine calling, argument passing, and conditional assembly. SABR offers 
an optional secopd pass to produce a side-by-side octal/symbolic listing of 
the assembled program. 

The relocatable binary tapes produced by SABR are loaded into any field of 
core memory and executed with the 8K Linking Loader, as is the compre- 
hensive library of subprograms (also used with 8K FORTRAN). These sub- 
programs may be called by any SABR program. SABR also acts as the second 
pass of the 8K FORTRAN system. 

Several other PDP-8 assemblers (some of which can run on larger computers) 
are available from DECUS. 

DEC-08-ASACD 

PAL III Assembler (4K) 

The PAL III Symbolic Assembler is a two-pass assembler which translates 
symbolic programs written in the PAL III language into binary-coded pro- 
grams. The assembler offers an optional third pass which produces an octal/ 
symbolic printout and/or punchout of the assembled program. PAL III permits 
symbolic origins, expressions, and references. Its output is in binary code 
for use with DEC's standard Binary Loader. 

DEC-08-CDDA-D 

DDT-8 (Dynamic Debugging Tape) 

DDT-8 provides a means for on-line program debugging at the symbolic or 
mnemonic level. By typing commands on the console teleprinter, memory 
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locations can be examined and changed, program tapes can be inserted, 
selected portions of the program can be run, and the updated program can be 
punched. 

DEC-08-CMAA-D 
MACRO-8 Assembler 

The MACRO-8 symbolic assembler accepts source programs written in symbolic 
language. and translates them into binary form in two passes. MACRO-8 
produces an object program tape (binary), a Symbol table (for use with 
DDT), an octal /symbolic assembly listing, and useful diagnostic messages. 
MACRO-S is compatible with PAL III, and has the following additional features: 
user defined macros; double precision integers, floating point constants; 
arithmetic and Boolean operators, literals, text facilities and automatic link 
generation. 

DEC-08-COCO-D 

ODT-8 (Octal Debugging Technique) 

ODT-8 (Octal Debugging Technique) is a debugging aid which facilitates com- 
munication with, and alteration of, the program being run. Communication 
between operator and program occurs via the Teletype, using defined com- 
mands and octal numbers. ODT-8 is a subset of DDT-8 and occupies three- 
pages of core storage. 

The program may be relocated to occupy any three consecutive pages of core. 

DEC-08-ESAB-D 
Symbolic Editor 

The Symbolic Editor allows the user to prepare and edit symbolic tapes on- 
line in ASCII code with the Teletype and/or high-speed reader/punch. The 
tedious task of correcting symbolic program tapes using the Teletype off-line, 
is thereby avoided. Proper use of the Symbolic Editor can substantially ease 
the labor and reduce the number of passes necessary to correct symbolic 
program tapes. The Editor reads a page, or section, of symbolic tape into a 
buffer in core storage, where it is available for examination and correction 
upon keyboard command. The page buffer occupies all of core not taken up 
by the Editor itself and has a capacity of approximately 6000|o characters. 
When the Editor has finished reading a page into the buffer, a bell rings to 
signal the user that he may begin editing. The user may then call for a 
listing of individual (numbered) lines, in any order, and insert desired changes 
and corrections. In addition, text may be added to the buffer, or inserted 
between specified lines. Groups of lines or individual lines may be moved 
or deleted by a single command, or the entire page may be erased if desired. 
Searches may be made and parts of lines changed without retyping the_entire 
line. Upon keyboard command, the Editor will then either list or punch out 
the corrected lines or page on paper tape. The Editor can also be used to 
generate a new symbolic tape by typing new text directly on the keyboard. 
Errors in typing may be corrected simply by typing a rubout. 

DEC-08-YQYA-D 
Floating Point Package 

The floating point package permits the PpP-8/l to perform arithmetic opera- 
tions that could not otherwise be done without the addition of costly optional 
hardware. With the floating point package, the programmer need not concern 
himself with writing and repeatedly calling complicated arithmetic subroutines.. 
He merely has to specify in one instruction the desired arithmetic operation 
(operator) and an argument (operand), and the operation will be performed 
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automatically. In addition to increasing accuracy, floating point operations 
relieve the programmer of scaling problems common in fixed-point arithmetic. 
The floating point subroutines and interpreter permit the programmer to 
encode arithmetic operations to either 6 or 10 decimals digits of precision 
as easily as though the machine had floating point hardware. 

Digital-8-15-S-D 
Master Tape Duplicator 

This program will duplicate and verify 8-channel paper tapes using a high- 
speed reader and high-speed punch. The program uses the program inter- 
rupt and allows both the reader and the punch to operate at maximum speed. 
The program accumulates two types of checksums which reading and while 
punching: (1) the number of nonzero characters on the tape, and (2) the sum 
of characters on the tape (both are taken modulo 4096). 

When duplicating, the program compares the checksums at the end of the tape 
with the checksums accumulated by the read routine. If these differ, a reader 
error has occurred and a message is typed. 

Digital-08-USBO-P 

Multianalyzer Display and Analysis 

The two-dimensional pulse-height analysis reads in and analyzes two-parameter 
energy and spectra data, the program receives and executes commands 
from the keyboard. These commands start and stop data taking, control the 
displays, and control writing and punching of data. The displays available 
are: isometric, vertical and horizontal slicing, differential and integral contours, 
and "twinkle box". The program is flexible with respect to the dimensions of 
the data matrix. 

Digital-8-15-S-P 
Oceanographic Analysis 

This program represents the basic accepted physical oceanography method for 
the reduction of data concerning depth, temperature, and salinity measure- 
ments of the water column. 

a Nansen cast whereby he may examine results in detail to determine the 
structure of the environment he has just sampled and to check the validity of 

hie moocM I t-o«*»-»'M-«+"'* 

The program also contains an interpolation routine as well as a depth inte- 
gration of the anomaly of specific volume. 

DEC-08-G61D-D 

Programmed Buffered Display 338 Manual 

The Type 338 Programmed Buffered Display is a precision incremental dis- 
play system, consisting of a small scale, high-speed computer and a display 
subsystem for control of the CRT. The computer used is Digital Equipment 
Corporation's PDP-8 (for Programmed Data Processor). It is a single address, 
fixed word-length (twelve bits) machine. The complete cycle time for its 
random access magnetic core memory is 1.5 iis. All arithmetic operations are 
performed in 2's complement notation. 

DECT8-MRFB-D 

TSS/8 Time-Sliaring Monitor 

TSS/8 (Time-Sharing System for the PDP-8/1 and PDP-8 computers) is a 
general-purpose,, stand-alone, time-sharing system. TSS/8 offers each of up 
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to 24 users a comprehensive library of programs which provide facilities for 
compiling, assembling, editing, loading, saving, calling, debugging, and run- 
ning user programs on-line. Any of these library programs can be called into 
use by typing, in response to Monitor's invitation (the dot), the command 
R and the assigned name of the program. For example, • R FOCAL brings the 
FOCAL program into core from the disk and automatically executes FOCAL 
so that it begins typing out its initial dialogue. 

The heart of this time-sharing system is a complex of programs called 
Monitor. Monitor coordinates the operations of the various units, allocates 
the time and services of the computer to users, and controls their access to 
the system. By segregating the central processing operations from the time- 
consuming interactions with the human users, the computer can in effect work 
on a number of programs simultaneously. The executions of various programs 
are interspersed without interfering with one another and without detectable 
delays in the responses to the individual users. 

DEC-08-YISA-D 

Variable Stroke Character Generator for KV8 

The Variable Stroke Character Generator (VSCG) is a program which generates 
and displays the 64 principal ASCII characters using the KV8/I Storage Tube 
Display Controller. By making use of the redundancy in the English character 
set, all 64 ASCII characters are described by seven vector coordinate masks 
plus two control words per character. This is quite different from the conven- - 
tional stroke vector generators, where all ASCII characters are generated from 
one standard mask, for example, the starburst pattern. 

Characters are generated by executing stroke vectors on the storage tube. 
Each vector is specified by the address of its end-point coordinates. Execution 
time is minimized by executing only the required stroke vectors for a particular 
character; thus, this program is in effect a variable stroke character generator 
(VSCG). 

In addition to displaying characters, VSCG provides control functions for 
carriage return/line feed, "home" to top left of the scope, horizontal tab, 
and character stabilization. , 

VSCG is very versatile and easily modified since all control functions and 
characters are table driven. 



ELEMENTARY FUNCTION ROUTINES 

DEC-08-FFAC-D 

Math Routines Manual 

The following routines are described in the Math Routines Manual. 

Square Root Subroutine-Single Precision 

Forms the square root of a single-precision number. An attempt to take the 
square root of a negative number will be given for a result. 

Signed Multiply Subroutine-Single Precision 

Forms a 22-bit signed product from 11-bit signed multiplier and multiplicand. 
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Signed Divide Subroutine-Singie Precision 

This routine divides a signed 11-bit divisor into a signed 23-bit dividend giving 
a signed 11-bit quotient and a remainder of 11 bits with the sign of the 
dividend. 

Double-Precision Multiply Subroutine-Signed 

This subroutine multiplies a 23-bit signed multiplicand by a 23-bit signed 
multiplier and ret;jrns with a 46-bit signed product. 

Double-Precision Divide Subroutine-Signed 

This routine divides a 23-bit signed divisor into a 47-bit signed dividend and 
returns with a 23-bit signed quotient and a remainder of 23 bits with the sign 
of thy dividend. 

Sine Routine-Double Precision 

The double-precision sine subroutine evaluates the function Sin (X) for 
-4<X<4 (X is in radians). The argument is a double-precision word, 2 bits 
representing the integer part and 21 bits representing the fractional part. 
The result is a 23-bit signed fraction -l<Sin(X)<l. 

Cosine Routine-Double Precision 

This rubroutine forms the cosine of a double-precision argument (in radians). 
The input range is -4<X<4. 

Four-Word Floating-Point Package 

This is a basic floating-point package that carries data as three words of 
mantissa and one word of exponent. Common arithmetic operations are 
included as well as basic input/output control. No functions are included. 

Logical Subroutines 

Subroutines for performing the logical operations of inclusive and exclusive 
OR are presented as a package. 

Shift Right, Shift Left Subroutines (Single and Double Precision) 

r 1,^^:- o,.K^^.,4-ir.oc chift riaht anH <;hift ipft. each at both Single and 

'^ouble "recision are "^resented as a package. 

Logical Shift Routines 

T,.-^ Koc!^ c.hrn.itmoc chift ridht at hoth sinsle and double precision, are 
presented as a package. The shifts are logical In nature. 



LOADERS 

DEC-08-LRAA-D 

Read-in Mode (RIM Loader) 

The RIM Loader is a minimum routine for reading and storing information con- 
tained in read-in-mode coded tapes via the ASR33 Perforated Tape Reader. 

DEC-08-LBAA-D 
Binary Loader 

The Binary Loader is a short routine for reading and storing information con- 
tained in binary-coded tapes, using the ASR33 Perforated Tape Reader and 
the Type PR8/L High-Speed Perforated Tape Reader. 

The Binary Loader accepts tapes prepared by the use of PAL (Program 
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Assembly Language) or MACRO-8. Diagnostic messages may be included on 
tapes produced when using either PAL or MACRO. The Binary Loader will 
ignore all diagnostic messages. 

DEC-08-LHAA-D 
"HELP" Loader 

The "HELP" Loader loads the standard version of the RIM and BIN Loaders 
into the PDP-8/L, in less than 90s, replacing manual procedures which require 
several minutes. 

DEC-08-LUAAD 

TCOl Bootstrap Loader 

This is a bootstrap for loading the PDP-8 DECtape Library System designed 
for use with DECtape Control Type TCOl with TU55 Tape Transports. 

UTILITY PROGRAMS AND SUBROUTINES 

DEC-08-PMPO-D 

Read-In Mode (RIM) Punch 

The RIM Punch program provides a means of punching out information con- 
tained in selected blocks of core memory as RIM-coded tape via the ASR33 
Perforated Tape Punch or High-Speed Punch. The punch program may occupy 
either low or high memory, depending on the version used. 

Digital-8-5-U-Sym-D 

Binary Punch (ASR33 or PP8/L) 

This program provides a means of punching out information contained in 
selected blocks of core memory as binary-coded tape via the ASR33 Perforated 
Tape Punch or the High-Speed Punch. 

Digital-8-6-U-Sym-D 
Octal Memory Dump 

This routine will read the console switches twice to obtain the upper and lower 
limits of an area of memory, then type on the Teletype an absolute address 
plus the octal contents of the first four words specified and repeat this until 
the block is exhaused, at which time the user may repeat the operation. 

Digital-8-lO-U-Sym-D 

BCD to Binary Conversion Subroutine 

A basic subroutine for converting binary-coded-decimal numbers to their 
equivalent binary value. Conversion is accomplished by "radix deflation". 

Digital-8-ll-U-D 

Double Precision BCD to Binary Conversion Subroutine 

This subroutine converts a 6-digit BCD number to its equivalent binary value 
in two computer words. 

Digital-8-12-U-D 

Incremental Plotter Subroutine 

This subroutine moves the pen of an incremental plotter to a new position 
along the best straight line. The pen may be raised or lowered during the 
motion. 

Digital-8-14-U-Sym-D 

Binary to BCD Conversion Subroutine 

This subroutine provides the basic means of converting binary data to binary- 
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codeddecima! (BCD) data for typeout, magnetic tape recording, etc. 

Digital-8-15-U-Sym-D 

Binary to BCD Conversion (Four Digit) 

This subroutine extends the method used in Digital-8-14-U-Sym so that binary 
integers from to 4095 contained in a single computer word may be converted 
to four binary-coded-decimal characters packed in two computer words. 

Digital-8-18-U-Sym-D 
Alphanumeric Message Typeout 

A basic subroutine to type messages packed in computer words. Two 6-bit 
characters are packed internally in a single word. All ASR33 codes from 301 
to 337 and from 240 to 277 (ej^cept 243 and 245) can be typed. The typing 
of line-feed (code 212) and carriage-return (code 215) are made possible by 
arbitrarily assigning internal codes of 43 and 45, respectively, to represent 
these characters, thus preventing the output of ASCII codes 243 (#1) and 
245 (%). 

Digital-8-19-U-Sym-D 
Teletype Output Subroutines 

A group of subroutines useful in controlling ASR33 output is presented as a 
package. Provision is made for the simulation of tabulation stops. The dis- 
tance "tabbed" may be controlled by the user. Characters whose ASR33 codes 
are in groups 241 and 277, inclusive, and 300 through 337, inclusive, are 
legal. Space, carriage return then line feed, and tabulation are provided via 
subroutines. 

Digital-8-20-U-Sym-D 
Character String Typeout 

A basic subroutine to type messages stored internally as a string of coded 
characters. All ASR33 characters are legal. 

Digital-8-21-U-Sym-D 

Symbolic Tape Format Generator 

!t mav hp used to condense ta^es with s'^aces b*' inserting tabs or mereh' to 
align tabs, instructions, and comments. 

Digital-8-22-U-Sym-D 
Unsigned E}ecimal Print 

This subroutine permits the typeout of the contents of a computer word as a 
4-digit, positive, decimal integer. 

Digital-8-23-U-Sym-D 

Signed Decimal Print — Single Precision 

This subroutine permits the typeout of the contents of a computer word as a 
signed 2's complement number. If bit of the computer word is a 1, the 
remaining bits represent a negative integer in 2's complement form; if bit 
equals 0, the remaining bits represent a positive integer. If the number is 
negative, a minus sign is printed; if positive, a space. 

Digital-8-24-U-Sym-D 

Unsigned Decimal Print, Double Precision 

This subroutine permits the typeout of a double-precision integer stored in 
the usual convention for double-precision numbers. The one exception is that 
all 24 bits are interpreted as magnitude bits (i.e., bit of the high-order 
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word is not a sign bit). The typeout is in the form of a 7-digit, positive^ 
decimal integer. 

Digital-.8-25-U-Sym-D 

Signed Decimal Print, Double Precision 

This subroutine permits the typeout of the contents of two consecutive com- 
puter words as one signed, double-precision, 2's complement number. If bit 
of the high-order word is a 1, the remaining 23 bits represent a negative 
integer in 2's complement form; if bit equals .0, the remaining bits represent 
a positive integer. If the number is negative, a minus sign is printed; if 
positive, a space. 

Digital-8-28-U-Sym-D 

Single Precision Decimal to Binary Conversion and Typeout ASR333, Signed 

or Unsigned 

This routine accepts a string of up to four decimal digits (single precision for 
the PDP-8/L) from the Teletype keyboard and converts it to the corresponding 
2's complements binary number. 

The string may contain as legal characters a sign ( + , -, or space) and the 
digits from through 9. If the first legal character is not a sign, the con- 
version is unsigned. A back arrow (-<-) at any point in the string erases the 
current string and allows the operator to reenter the correct value. Any char- 
acter after the first, other than another digit or back arrow causes the con- 
version to terminate and is found in location SISAVE within the subroutine. 

Digital-8-29-U-Sym-D 

Double Precision Decimal to Binary Conversion and Typeout (ASR33), 

Signed or Unsigned 

This routine accept? a string of up to eight decimal digits (double precision 
for the PDP-8/L) from the Teletype keyboard and converts it to the correspond- 
ing 2's complement binary number. 

The string may contain as legal characters a sign ( + , -, or space) and the 
digits through 9. If the first legal character is not a sign, the conversion is 
unsigned. A back-arrow (<-) at any point in the string erases the current string 
and allows the operator to reenter the value. Any character after the first, 
other than another digit or "back-arrow", causes the conversion to terminate 
and is found in location DIDSAV within the subroutine. 



DECTAPE SYSTEM SOFTWARE 

DEC08-SUBO-D 

DECtape Programming Manual 

The DECtape Library System is loaded by a 17|o instruction bootstrap routine 
that starts at 76008- This loader calls a larger program into the last memory 
page, whose function is to preserve on tape the contents of memory from 
60008-75778, and then to load the INDEX program and the directory into those 
same locations. Since the information in this area of memory has been pre- 
served, it can be restored when operations have been completed. The skeleton 
system tape contains the following programs: 

INDEX — Typing this causes the names of all programs currently on file to be 
typed out. 
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UPDATE — Ailows the user to add a new program to the files. UPDATE queries 
the operator about the program's name, its starting address, and its location 
in core memory. 

GETSYS — Generates a skeleton library tape on a specified DECtape unit. 

DELETE — Causes a named file to be deleted from the tape. 

Starting the skeleton library tape, the user can build up a complete file of his 
active programs and continuously update it. 

DEC-08-FUBO-D 

TCOl DECtape Subroutines 

These subroutines provide the user with the ability to read, write and search 
using the TCOl tape system. The read and write subroutines transfer 128|o 
(one memory page) of the specified block (or blocks) although the standard 
block length is 129 lo 12-bit words. Successive blocks are read (written) from 
(into) successive 128 word blocks of core. Provision is made for transfer to 
and from extended memories. 

DEC-08-EUFA-D 

TC01/TU55 DECtape Formatter 

The purpose of this system is to record the required timing and mark tracks 
on a DECtape mounted on the TC01-TU55 DECtape unit. 

The program, which never stops, obtains the variable information it needs 
by communication with the operator via the ASR33 Teletype. 

Two full passes are required to complete one DECtape. Upon completion of a 
sequence, another tape may be mounted and formatted, as the last, without 
renewed communication between the operator and program. Therefore, marked 
tape may be produced in great numbers with little operator intervention, at 
a rapid rate; one tape, excluding set-up time, requires two minutes from start 
to finish (see also Disk Software). 

DEC-08-YPTA-D 

The DECtape copy program (DTC-8) provides a simple, efficient method for 
copying one DECtape from another on the PDP-8. features include the capa- 
bility of handling nonstandard block lengths (up to 1550io 12-bit words per 
block), and the ability to reread and validate the copied data, thus ensuring 
its correctness. DECtape handling routines are all internal and Monitor 
independent. 



Disk/Dectape Software 

DEC-D8-SDAA-D 

DISK MONITOR SYSTEM 

This system consists of a keyboard-oriented Monitor, which enables the user 
to efficiently control the flow of programs through his PDP-8/L, and a com- 
prehensive software package, which includes a FORTRAN Compiler, Program 
Assembly Language (PAL-D), Edit program (EDITOR), Peripheral Interchange 
Program (PIP) and Dynamic Debugging Technique (DDT) program. Also 
provided is a program (BUILDER) for generating a customized monitor 
according to the user's particular machine configuration (amount of core, 
number of disks or DECtapes, etc.). 



296 



The system is mpdular and open ended, permitting the user to construct the 
software required in his environment, and allows the user full access to his 
disk (or DECtape) — referred to asf the system device — for storage and 
retrieval of his programs. By typing appropriate commands to the Monitor, 
the user can load a program (construct it from one or more units of binary 
coding previously punched out on paper tape or written on the disk by the 
Assembler, and assign it core), save it (write it out, with an assigned starting 
address, on the system device), and later call it (read it back into core from 
the system device) for execution. 

In order to have a complete DISK/DECtape package, the user may order the 
following in addition to DEC-D8-SDAA-D above: 



1. 


Disk System Builder 


DEC-D8-SBAD-PB 


2. 


Disk Editor 


DEC-D8-ESAB-PB 


3. 


PIP 


DEC-D8-PDAB-PB 


4. 


Disk DDT 


DEC-D8-CDDA-PB 


5. 


Drsk DDT Driver (ASCII) 


DEC-D8-CDDA-PA 


6. 


Disk/DECtape FORTRAN 


DEC-D8.AFA(l-6)-PB 



DEC-D8-ASAB-D 

PAL-D DISK ASSEMBLER 

PAL-D is the symbolic assembly program designed primarily for the 4K PDP-8 
family of computers with disk or DECtape. The PAL-D Assembler makes 
machine language programming easier, faster, and more efficient. Basically, 
the Assembler processes the programmer's source program statements by 
translating mnemonic operation codes to the binary codes needed in machine 
instructions* relating symbols to numeric values, assigning absolute core 
addresses for program instructions and data, and preparirrg an output listing 
of the program, which includes notification of any errors detected during the 
assembly process. PAL-D incorporates virtually all of the features of both 
PAL III and MACRO-8. 



MAINTENANCE PROGRAMS 

MAINDEC-08-DOTA-D(D) 
incremental Tape Random Exerciser 

This program written for write/read incremental tape units interfaced with 
either a PDP-81 or PDP-8L, exercises up to two tape units with three separate 
program routines which are independent of each other. The operator must 
specify the type of tape unit and the desired test routine via keyboard input. 
Data errors read from tape are indicated by printouts on the TTY. 

MAINDEC-8/l-DOlB-D 
Instruction Test 1 

This is a diagnostic program for testing the AND, TAD, and OPERATE instruc- 
tions of the PDP-8/L and PDP-8/1. 

MAINDEC-8I-D02B-D 
Instruction Test 2 

This program is an extensive test of autoindexing, indirect addressing, and the 
DCA instruction for the PDP-8/L, 8/1. It also offers minimal testing for inter- 
rupt and the AND, TAD, ISZ, JMP and JMS instructions. 
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MAINDEC-08-D02B-D 
Instruction Test Part 2B 

This program is a test of the 2's complement add (TAD) and rotate logic (RAL, 
RTL, RAR, RTR). Random numbers are used in the Two's Add portion of 
the test and sequential numbers are used in the Rotate portion. Program 
control depends on operator manipulation of four switches in the SWITCH 
REGISTER (bits 0, 1, 2, 3). Error information is normally printed out on 
the keyboard printer. 

MAINDEC-8I-D4CA-D(L) 

PDP-8/1, PDP-8/L Memory Parity lOT Test 

Memory Parity lOT Test is designed to exercise and detect errors on the 
memory parity control logic. A routine is also included which writes random 
numbers in memory field 0, and then checks for data parity errors. Manual 
intervention after the start of the test is required in order to test the parity 
lOT's. Printed instructions are given on the TTY printer. 

MAINDEC-08-D04B-D 
Random JMP Test 

This program tests the JMP instruction of the PDP-8/L, 8/1. Most of memory 
is used as a JUMP field with a random number generator selecting each 

"JUMP FROM" AND "JUMP TO" LOCATION. 

MAINDEC-08-D05B-D 
Random JMP-JMS Test 

This is a diagnostic program to test the JMS instruction of the PDP-8/L, 
8/1. Random "FROM" and ".TO" addresses are selected for each test. The 
JMP instruction is tested in that each test requires a JMP to reach the JMS. 

MAINDEC-08-D07B-D 
Random ISZ Test 

This program is written to test the ISZ instruction of the PDP-8/L, 8/1. An 
ISZ instruction is placed in a FROM location, and a TO location contains the 
OPERAND. Part i of the program selects FROM, TO, and OPERAND from 
a random number generator, with the option of holding any or a!! constant. 
Part 2 uses a fixed set of FROM, TO, and OPERAND numbers. 

MAiNDEC-08-DlAC-D 

PDP-8/1, PDP-8/L Memory Power On/Off Test 

This program is a memory data validity test to be used after a simulated 
power failure. 

MAINDEC-08-DlBO-D 
Memory Address Test 

The memory address test checks for proper memory address selection on the 
PDP-8/L, 8/1. 

MAINDEC-08-OlEB-D 
Extended Memory Checkerboard 

The PDP-8/L, 8/1 Extended Memory Checkerboard diagnostic is designed 
to provide worst case half-select noise conditions in order to determine the 
operational status of core memory. Four data patterns, and their complements, 
are written and checked for error. The patterns provided will generate the 
worst case noise conditions for a PDP-8/L, 8/1 equipped with standard or spe- 
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cially purchased core stacks, and will test systems equipped with 8K words 
of core memory. Automatic program relocation is provided in order to, test all 
memory stacks from each stack. 

Teletype printouts are provided for error identification. Also, the operator is 
given a degree of control over the program by various SR settings. 

MAINDEC-O8-D1GB-0 
Extended Memory Control 

This program tests the extended memory control logic for propeV operation. 
It m"ay be used with a PDP-8/L, 8/1 equipped with a minimum of 4K of ex- 
tended memory. The program exercises and- tests the control lOT's; the ability 
to reference all fields from field 0; program interrupt and interrupt inhibit; 
auto-indexing in each field, and a special test for the PDP-8/L which tests the 
presence of a false memory pulse when a nonexistent memory fieJd is refer- 
enced. Errors encountered during running will result in a program halt. The 
halt locations are labeled, and the error may be identified by referencing the 
program listing or table of error halts. 

M Al N DEC-08-D1 H A-D(D) 
Extended Memory Address Test 

The PDP-8/L, 8/1 Extended Memory Address Test tests all of memory not 
occupied by the program to make sure that each location can be uniquely 
addressed. This is performed by a series of four tests. The first two tests write 
the address and complement address of each memory location into itself, and 
then check the contents of each location to make sure each is correct. The 
third test first sets all of memory not occupied by the program to all ones, and 
then writes a word of all zeroes, except for one bit, into each location and 
checks for error. The fourth test is similar except that a word of all ones, ex- 
cept for one bit, is written into each location and is checked for error. 

MAINDEC-08-D1L0 

Basic Memory Checkerboard 

The memory checkerboard diagnostic tests memory for core failure on half- 
selected lines under worst case conditions. Its use is intended for basic 4K 
memory systems. 

MAINDEC-08-D4A0-D 
Memory Parity Checkerboard 

The PDP-8/L, 8/1 Memory Parity Checkerboard diagnostic test the parity bit 
plane for core failure on half-selected lines under worst case conditions. Its 
use is intended for basic 4K memory systems. 

MAINDEC-08-D4BA-D 
Extended Memory Parity Test 

The PDP-8/L, 8/1 Extended Memory Parity Test is designed to provide worst 
case half-select noise conditions within the parity bit plane. Four data patterns, 
and their complements are written, and checked for parity errors after writing 
each pattern are made. The program will test systems equipped with 8K words 
of core memory. i 

Operation of the program is similar to the Extended Memory Checkerboard 
test except that program relocation is not included, and error halts are pro- 
vided for error identification. 
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MAINDEC-08-D2EA-D 
High Speed Reader Test 

This program tests the performance of the High Speed Perforated Tape Reader 
and Control by scanning a closed-loop test tape for accuracy of transmission. 
The reader control is tested for correct operation with the PDP-8/L interrupt 
system. 

An auxiliary program included with the test punches a tape from which the 
test loop can be made. 

MAINDEC-08-02PD-D 
Farui!y-of-8 ASR33/35 
Teletype Tests Part 1 

The Family-of-8 ASR33/35 Teletype Tests' Part I is the first part of a two part 
package used to test the ASR33, or ASR35 Teletype when attached to a Family- 
of-8 system. 

Part 1 contains nine selectable programs numbered from to 10 (octal). The 
programs are selected by means of the switch register (SR). 

The programs available are: 

PRGO Basic Input Logic Tests 

PRGl Basic Output Logic Tests 

PRG2 Reader Test 

RPG3 Test Tape Generator. Punches tape with characters* stored in loca- 
tions 0021 and 0022. 

PRG4 Test Tape Generator. Punches Binary Count Pattern test tape. 

PRG5 Reader Exerciser. Reads Binary Count pattern tape in random length 
blocks, and with fixed stalls between characters. The stall is deter- 
mined at random. 

PRG6 Reader Exerciser. Rea'^s Binar^ Count "attern ta^e. Fixed staM be- 
tween characters. Stall count is taken from LOG 0023, 

PRG7 Reader Exerciser. Reads tape punched with any two test characters. 
Random length blocks and fixed stall between characters. The stall 
Is determined at random. 

PRGIO Reader Exerciser. Reads tape punched with any two test characters. 
Fixed stall between characters. Stall count taken from LOC 0023. 

MAINDEC-08-D2QD-D 
Family-of-« ASR33/35 
Teletype Tests, Part 2 

The Family-of-8 ASR33/35 Teletype Tests, Part 2 is the second part of a two 
part package used to test the ASR33 or ASR35 Teletype when attached to a 
Family-of-8 system. 

Part 2 contains nine selectable programs numbered from to 10 (octal). The 
programs are selected by means of the switch register (SR). 

The available programs are: 

PRGO Printer Test 
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PRGl Punch Test 

PRG2 Keyboard Test 

PRG3 Combined Reader, Printer, Punch Test 

PRG4 Printer Exerciser. Prints lines of characters stored in LOG 0021 and 
0022. No stalls. 

PRG5 Same as PRG4, but stalls between characters. 

PRG6 Punch Exerciser. Punches and read checks data blocks of data stored 
in LOG 0021 and 0022. No stalls. 

PRG7 Same as PRG6, but random stalls between characters punched. 

PRGIO Punch Exerciser. Punches and read checks blocks of Binary Count 
pattern. Random stalls between characters punched. 

MAINDEC-08-D3BB-D 
TCOl Basic Exerciser 

The TCOl Basic Exerciser is a series of test programs that may be used to gain 
a high degree of confidence in the data handling ability of a TCOl DECtape 
Control and one to eight TU55 DECtape Transports. The Basic Exerciser con- 
sists of several basic routines that may be individually selected; each routine 
will operate on any configuration of one to eight drives. These routines include 
a Basic Motion Routine, Search Find All Blocks Test, Basic Search Routine, 
Start/Stop/Turnaround Test, Basic Write/Read Data Test with eight selectable 
patterns, and a Parity Generation and Checking Test. The operation of the 
Basic Motion Routine and the Basic Search Routine are controlled by key- 
board input. Also, a Write Data Scope Loop, Read Data Scope Loop, and a 
Search Scope are provided to keep the tape moving from end to end zone. 

MAINDEC-08-D3EB-D 

TCOl Extended Memory Exerciser 

TCOl Extended Memory Exerciser is a test program for the PDP-8/L which 
test the transfer of data between the TCOl DECtape Control and extended 
memory fields (more than 4K). It does this by storing a data pattern in an ex- 
tended memory field, tranferring the data onto DECtape and then reading the 
data back into th£ field and checking it for correct transfer. 

MAINDEC-08-D3RA-D 

DECTREX 1 

TCOl Random Exerciser 

DECTREX 1 is a DECtape Random Exerciser for the TCOl DECtape controland 
any configuration of one to eight TU55 DECtape transports. Drive selection, 
tape direction, number of blocks, sequence of operation and patterns generated 
are by random selection. The DECtape functions exercised are search, read 
data and write data in normal arid continuous modes, read all in continuous 
mode, and move. 

Also included are a short series of processor tests that are executed while 
waiting for interrupts and during data breaks while searching, reading, and 
writing from DECtape. 

MAINDEC-8/1-D5BB-D 
DF32 Diskless 
Logic Test, MiniDisk 

Diskless is a test of the DF32 disk logic and its computer interface. This pro- 
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gram does not test the disk, nor associated analog interface circuits. (The 
disk is not needed for these routines; if the disk is connected, the disk motor 
should be turned off. For a complete test of the disk system, use DF32 Disk 
Data Test.) 

MAINDEC-08-D5CC-D 

DF32 Disk Data 

MiniDisk, Interface, Address, Data Test 

The DF32 Disk Data is a complete test of the disk system. Also included is a 
short processor test that is executed while waiting for interrupts, and during 
data' breaks. 

MAINDEC-08-D5DB-D 

Exerciser for Master and Slaves Units 

"Multi Disk" is a high speed exerciser intended for multi-disk configuration 
and can control one to four disks. 

MAINDEC-08-D6CC-D 
Calcomp Plotter Test 

Ths program tests the CalComp Plotter and its control. All control and plotting 
functions are tested. 

MAINDEC-08-D6HA-D 

AF04A Diagnostic and Demonstration 

The Diagnostic and Demonstration program for the AF04A allows the operator 
to type in up to lOOOg pseudo instructions and cause analog to digital conver- 
sions via the AF04A. The pseudo-instructions which make up the individual 
pseudo-program will be executed when a "$" (dollar sign) is input from the 
keyboard. The operator may specify all parameters of the conversion instruc- 
tion and specify any order of instructions. 

MAINDEC-08-D6JD-D 
AD08 Diagnostic 

For the AD08A this is an I/O Instruction and calibration check. For the AD08B 
it is also a limited test of multiplexer selection and A/D repeatability. 

MAINDEC-81-D6AB-D 
AX08 Diagnostic 

This unit is tested in three sections (a) an instruction test of the logic, (b) a 
display test for tlie scope, (c) and a calibration section for the A/D Converter. 

MAINDEC-8/i-D8AD-D 
KW8I Real Time Clock 

The KW8I Real Time Clock diagnostic program is designed to thoroughly test 
all lOT and Data transfer instructions used in the M708 Clock Control and 
M709 Clock Counter. The program consists of two routines; the first routine 
which starts at address 200, tests all flags, enables, etc., to ascertain if 
initialize has cleared them, and the second phase of the clock control program 
tests each of the lOT's to determine if they will set and/or clear each of the 
controllable flip-flops, it tests for proper skips, program interrupt and for proper 
operation of any of the three clocks. The error typeout for an error in the 
clock control test is as follows: 

ERROR 0001 

NOTE 
Any clock system which supplies a clock at a frequency 



of less than one clock pulse per 10 seconds will cause a 
failure Error 0003. 

The second routine starts at address 400, and is used ojily when a M709 Clock 
Counter module is connected to the clock control. The clock (i.e. crystal) 
adjustable or line, must be removed from the computer in order for this test 
to run. The error typeout for an error in the clock control test is as follows: 

CLOCK COUNTER FAILED 

SENT RXED 

0001 000 

The SENT refers to a 12-digit number which was loaded into the clock control 
counter, and the RXED refers to the number which was transferred back to 
the computer from the counter. 

MAiNDEC-08-D8FA-D 

DPOIA Bit-Synchronous Data Communication System 

lOT and Data Test 

The DPPIA test consists of two sequences intended to verify correct operation 
of all lOT instructions and associated control logic with the DPOIA Bit-Syn- 
chronous Data Communication System. 

MAINDEC-08-D8HB-D 

DPOIA Bit-Synchronous Data Communication System 

IQT and Data Test for lOT's 6301 through 6354 

The DPOIA test consists of two test sequences intended to verify correct 
operation of all lOT instructions and associated control logic with the DPOIA 
Bit-Synchronous Data Communication System. 

MAINDEC-08-D8KA-D 

DPOIA lOT and Data Tests (60-67) 

The DPOIA test consists of two independent test sequences intended to verify 
correct operation of the lOT instructions and control logic associated with the 
DPOIA Bit-Synchronous Data Communication System. Although the tests are 
treated separately, they may be in memory at the same time. 

MAINDEC-08-D8LA-D 

DPOIA Bit-Synchronous Data Communication System lOT and Data Test for 

IOT-6501 through 6564 

The DPOIA test consists Of two test sequences intended to verify correct 
operation of all lOT instructions and associated control logic with the DPOIA 
Bit-Synchronous Data Communication System. 

MAINDEC-08-D9AB-D 

TC58 Data Reliability Test (7 Track) 

The TC58 Data Reliability Test is primarily designed for the collection of statis- 
tical information pertaining to the data reliability of the tape drives that may 
be associated with the TC58 Magnetic Tape Control. The program is also de- 
signed to be usable as an aid to the hardware debugging and maintenance 
of the TC58 Magnetic Tape Control and its associated magnetic tape drives. 
This program may also be used as an extended data reliability acceptance test. 

MAINDEC-08-D9BA-DL 
TC58 Drive Function Timer 

The TC58 Drive Function Timer program is designed to be an aid in the hard- 
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ware debugging and maintenance of the TC58 Magnetic Tape Control and its 
associated magnetic tape drives. The program will operate on any configura- 
tion of 1 to 8, 45 or 75 inch per second, 7 or 9 track drives. Selected opera- 
tions are initiated, timed and the times are then typed in decimal milliseconds. 
There is no limit checking on times by the program, the decisions on the 
validity of times typed must be made external to the program or by the person 
operating this test. 

MAiNDEC-08-D9CB-D 
TC58 Random Exerciser 

The TC58 Random Exerciser Test is a test program designed to stimulate 
tape system usage. Any configuration of 1 through 8 TU20 (or similar) 7- 
and/or 9-track drives may be concurrently tested. 

MAINDEC-08-D9DC-D 

TC58 Instruction Test — Part I 

The TC58 Instruction Test is a series of incremental subtests designed to aid 
in the checkout and maintenance of the TC58 magnetic tape system. 

MAINDEC-08-D9EC 

TC58 Instruction Test — Part 2 

The TC58 Instruction Test is a series of incremental subtests designed to aid 
in the checkout and maintenance of the TC58 magnetic tape system. 

MAINDEC-08-DlKA-D 
KP81/KR01 Power Fail Test 

This diagnostic is a complete test of the PDP-8/L and PDP-8/) Power Fail option 
with the intervention of the operator. 

MAiNDEC-08-D2GE'D 

Family-of-8 High-Speed Punch and Reader Tests 

The Family-of-8 High-Speed Reader and Punch Tests are a test package used 
to test the Type PC02 and PC03 High-Speed Reader Punch when attached to 
any of the Family-of-8 systems. The tests perform basic input and output con- 
trol lo^ic tests reader and "^unch tests reader and "^unch soped printouts, and 
provide maintenance loops useful in adjusting the reader and punch. 

MAINDEC-08-D4CA-D 
PDP-8, 8/1, 8/L Incremental 
Tape Compatibility Test 

The PDP-8, 8/1, 8/L PEC Incremental Tape Compatibility Test verifies that the 
TU22, 25, 28 Incremental Write-Synchronous Read Transports generate IBM 
compatible format. This is accomplished by generating a test tape using pat- 
tern #1 of the TC59 Data Reliability Test. The TC59 is the control unit for TU20 
transport which is IBM compatible. The test tape is then read back on the 
TU20 transport using the appropriate TC59 Data Reliability Test program. For 
operating procedures of TC59 Data Reliability Test (7 or 9 track) refer to 
MAINDEC-9A-D4DC-D and MAINDEC-9A-D4EB-D. 

MAINDEC-08-D4EA-D (D) 
TR22, 25, 28 Incremental 
Tape Instruction Test 

The Incremental Tape Instruction Test is designed to test all lOT instructions 

associated with the TR02A. The program may be used on R/W transports, and 

' 7 and 9 track transports at any of the. three standard bit densities. The program 

exercises each lOT, but does not test validity of the LRCC or CRC. These 
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characters are checked in the Data Reliability diagnostic. 

The program initially tests as Tnany functions as possible without a supply reel 
mounted. A supply reel is then mounted, and all remaining tape movement 
IQTs are checked. Instructions which the operator must follow are printed on 
the TTY. 

MAINDEC-08-D6GC-D 
A/D Calibration Check 

The A/D Calibration Check for the converters is to be used to ascertain the 
accuracy of converter adjustments. This tape is to be used with an adjustable 
voltage source. The converted value will be displayed in the AC, and the 
switch register will be used to select multiplexer channels. (Passing of these 
checks do not guarantee 100% monotonicity and steady state accuracy, since 
all of the 4096 possible conditions are not checked.) 

MAINDEC-08-D6KB-D 
Display Test 34D/VC8-I 

This diagnostic is designed to check out all configurations of the 34D VC8/I 
display, including all lOTs, display circuitry, intensity logic and light pen, if 
included. Under normal conditions, without a light pen, the picture which is 
displayed is controlled by SRO, SRI. One of four pictures will be displayed. 
The intensity of the display is controlled by SR3, SR4. If the light pen is con- 
nected and SR5 is set, the picture will not change unless a light pen hit is made 
(i.e., the light pen iris is open, the gain is properly set and the light pen is 
pointed toward any source of light, to which light pens are normally sensitive). 

MAINDEC-08-D6MA-D-(D) 
VS38 Display Diagnostic 

Thrs program was written, using MAINDEC-08-D6IA (Little Pictures for an 8) 
as a foundation, to test the VS38 Slave Option control logic and the slave CRTs 
and light pens. The program is composed of 12 display routines which exer- 
cise the CRTs to show their proper operation, and 2 diagnostic routines to 
diagnose VS38 control logic errors. The 12 display routines cause the images 
to be shown on all. slave displays simultaneously, 1 diagnostic routine checks 
control gating with no images shown, and 1 diagnostic routine exercises the 
hardware of the selected slave. 

MAINDEC-08-D6TA-D 
AA05/AA07 Calibration Tape 

These routines are to be used for the calibration of the AA05 Digital to Analog 
Converter and the AA07 Expander unit. 

MAINDEC-08-D8EB-D 
DPOIA lOT And Data Tests 

The DPOIA test consists of two independent test sequence intended to verify 
: correct operation of ttie lOT instructions and control logic associated with the 
BPOIA Bit-Synchronous. Data Communication System. Although the tests are 
treated separately, they may be in memory at the same time. 

MAINDEC-08-D8MB 

VA-38 Character Generator Test 

This program tests the VA38 Character Generator option of the 338 Visual 
Buffered Display. The program is subdivided into four parts, each of which 
tests a different phase of the VA38 operation. 
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MAINDEC-08-D8PA 

PTOS Test Program for use with Dataphone Options 

This test provides a means of checl<ing character transmission and reception 
using PTOS controls. Testing is performed by connecting the control output 
to the control input and comparing transmitted and received characters. In no 
way does this test supercede any existing Teletype tests; in fact, it is not 
necessary for checking Teletype control operation. However, when an F option 
is added to a PT08B or a PT08C control, this test provides sufficient testing 
to guarantee an acceptable production unit. 

MAINDEC-08-D8SB-D 
DMGl Exerciser 

The DM01 Exerciser is a program written to exercise the DM01 Data Break 
Multiplexer to assure that it can properly interlace data breaks from several 
peripheral devices to the PDP-8 computer. It does this by exercising several 
data break devices simultaneously. 

MAINDEC-08-D8TA 

SIM360 — IBM S360 Channel Simulator 

Program SIM360, when executed in a PDP-8 equipped with the S360 Interface 
Tester, simulates and monitors the control signals, command codes and data 
transfer sequence required for on-line IBM S360 Multiplexor or Selector Chan- 
nel operation. (Read IBM Reference Manual A22-6843-3 for a complete de- 
scription of selector channel and multiplexor channel characteristics and 
operation.) 

MAINDEC-08-D8WA-D (L) 
DC02 Teletype Flag Test 

This program consists of three parts and will test all flags and data handling 
capability of the DC02 and from 1 to 12 associated teletypes. 

MAINDEC-08-D8XA-D(L) 

XOR Buffer Option Diagnostic for use with DPOIA 

The XOR Buffer Diagnostic consists of 12 tests which test power clear COB 
(6661), ROB (6662) and both the inclusive and exclusive OR functions. 

MAiNDEC-OS-OdFA-D 

TC58 Data Reliability Test (9 Track) 

The TC58 Data Reliability Test is designed primarily for the collection of 
statistical information pertaining to the data reliability of the tape drives that 
may be associated with the TC58 Magnetic Tape Control. The program is also 
designed to be usable as an aid to the hardware debugging and maintenance 
, of the TC58 Magnetic Tape Control and its associated magnetic tape drives. 
This program may also be used as an extended data reliability acceptance test. 

MA1NDEC-8ND8AB 

DC08T1: DC08 Off-Line lOT and Data Test 

Program DC08T1 is designed to completely test the lOTs and data control 
logic associated with from 1 to 128 asynchronous data lines in an off-line 
configuration. 

MAINDEC-8I-D8BA 

DC08T2-DC08 On-Line Data Exercise 

Program DC08T2 provides a DC08 data transfer exercise capable of commu- 
nicating with local 5- or 8-level code data terminals such as Models 28, 33 or 
35 Teletype. 



306 



The program offers data echo and data transmit operation on a prespecified 
mix of lines associated with a 5-level code or 8-level code data clock. 

MAINDEC-8I-D8CA-D 

689AGT1 — 689 AG Control and Data Test with Optional ACU Test 

Program 689AGT1, used in conjunction with the 689 Modem Interface Cable 
and 689 ACU Simulator, provides a complete functional test of the 689AG 
without the need for on-line modem connections. 

The program consists of three independent tests designed to check the 689 
Modem Interface Control and lOTs, DC08A/689 Data Logic, and the optional 
ACU feature control and lOTs. 

MAINDEC-8I-D8DA-D 

689 AGT2-689AG On-Line Diagnostic Exercise 

Program 689AGT2 provides a diagnostic exercise capable of operating with 
an on-line DC08 system equipped with the 689AG Modem Interface option 
and standard customer-supplied serial data equipment, (i.e., 103A or 103F 
Modems). 

The program is designed to accept a number of system parameters which, in 
addition to specifying line numbers and modem type, define a mode of opera- 
tion appropriate for the particular system configuration. 

MAINDEC-T8-D8AA-D(L) 
Time Sharing-8 Option Test 

This is a test of the time sharing option, and is based upon switching between 
the executive and user modes testing all "trapable" instructions. 

MAINDEC-T8-D8B8-D 

TIME SHARE-8 Hardware Exerciser 

TIME SHARE-8 Hardware Exerciser is a program written to assure that the 
hardware can function properly both in and out of time-share mode with data 
break devices running. It does this by exercising several data break devices 
simultaneously (if available) and running a program in time-share mode. 

DECUS LIBRARY PROGRAM ABSTRACTS* 

DECUS No. 6/8-12 

PDP-8 Assembler for PDP-6 

Assembles PDP-8 program written in PAL on a PDP-6 using any I/O devices. 

DECUS No. 5/8-1.1 

BPAK — A Binary Input/Output Package 

A revision of the binary package originally written by A. D. Hause of Bell 
Telephone Laboratories. With BPAK the user can read in binary tapes via the 
photoreader and punch them out via the Teletype punch. It may be used with 
any in-out device, but is presently written for the photoreader and Teletype 
punch A simple modification converts BPAK so that it reads from the Teletype 
reader if the photoreader is disabled. In its present form it occupies locations 
7600 - 7777. 

*Note: Programs listed as DECUS No. 5-(number) indicate that they work on 
the PDP-5, and compatibility to the PDP-8 is uncertain. Programs marked 
DECUS No 5/8-(number) indicate they can be used on both PDP-5 and 8 
computers. Those marked DECUS No. 8-(number) work on the PDP-8, and 
compatibility to the PDP-5 is uncertain. 

307 



DECUS No. 5-2.1 

OrAK — An On-Line Debugging Program 

A utility program which enables the user to load, examine, and modify com- 
puter programs by means of the Teletype. This program is a revision of the 
program written by A. D. Hause, Bell Telephone Laboratories. Extensive use 
of the program has suggested many refinements and revisions of the original 
program, the most significant additions being the word search and the break- 
point. The standard version of OPAK is stored in 6200 to 7577 and also 0006 
An abbreviated version is available (7000 to 7577, 0006), which is identical 
to the other except that it has no provision for symbolic dump. Both programs 
are easily relocated. Control is via Teletype, with mnemonic codes, (e.g. "B" 
for inserting breakpoint, "P" for proceed, etc.). 

DECUS No. 5-3 

^R'- — A Binary Relocatable Loader with Transfer Vector Options for the PDP-5 

A binary loader program occupying locations 46408 to 61778, also 160 to 177. 
it has two main functions: 

1. It allows a PDP-5 operator to read a suitably prepared binary program 
into any page location in memory except those occupied by BRL. 

2. It greatly simplifies the calling of programmed subroutines by allowing 
the programmer to use an arbitrary subroutine calling sequence when writ- 
ing his program, instead of having to remember the location of the sub- 
routines. 

DECUS No. 5-4 

Octal Typeout of Memory Area with Format Option 

(Write-up and Listing Only) 

DECUS No. 5-5 
Expanded Adding Machine 

Expanded Adding Machine is a minimum-space version of Expensive Adding 
Machine (DEC-5-43-D) using a table look-up method including an error space 
facility. 

^■"•i* j=* ^ >Jasic version to which additional control functions can easily be 
added. Optional verticai or horizontal format, optional storage of intermediate 
result without reentrys, fixed-point ouput of results within reason, and other 
features that can be had in little additional space under switch register control. 
(Write-up and Listing Only) 

DECUS No. 5-6 

BCD to Binary Conversion of 3-Digit Numbers 

This program is based on DEC-5-4 and is intended to illustrate the use of 
alternative models in program construction. 

While not the fastest possible, this program has one or two interesting features. 
It converts any 3-digit BCD-coded decimal number, D1D2D3 into binary in the 
invariant time of 372 microseconds. Efficient use is made of BCD positional 
logic to work the conversion formula (10D| -I- D2) 10 -I- D3 by right shifts in 
the accumulator. In special situations, it could be profitable to insert and initial 
text/exit on zero, adding 12 microseconds to the time for nonzero numbers 
(Write-up and Listing Only) 

DECUS NO. 5/8-7 

Decimal to Binary Conversion by Radix Deflation on PDP-8 

(Write-up and Listing Only) 
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DECUS No. 5/8-8 
Obsolete 

DECUS No. 5/8-9 

Analysis of Variance PDP-5/8 

An analysis of variance program for the standard PDP-5/8 configuration. The 
output consists of: 

For each sample: 

1. sample number 

2. sample size 

3. sample mean 

4. sample variance 

5. sample standard deviation 

The grand mean 
Analysis of Variance Table: 

1. the grand mean 

2. the weighted sum of squares of class means about the grand means 

3. the degrees of freedom between saniples 

4. the variance between samples 

5. the pooled sum of squares of individual values about the means of 
their respective classes 

6. the degrees of freedom within samples 

7. the variance within samples 

8. the total sum of squares of deviations from the grand mean 

9. the degrees of freedom 

10. the total variance 

11. the ratio of the variance between samples to the variance with 
samples. 

This is the standard analysis of variance table that can be used with the F test 
to determine the significance, if any, of the difference between sample means. 
The output is also useful as a first description of the data. 

Other Programs Needed: Floating Point Interpretive Package (DEC-8-5-S) 

DECUS No. 5-10 
Paper Tape Reader Test 

A test tape can be produced and will be continuously read as an endless tape. 
Five kinds of errors will be detected and printed out. The Read routine is in 
6033-6040. 

Storage Requirements: Registers in locations 10, 11, 4-67 (save 63, 64), and 
6000-7777. 

DECUS No. 5-11 
PDP-5 Debug System 

Purpose of this program is to provide a system capable of: 

1. Octal dump 1 word per line. 

2. Octal dump lOg words per line. 

3. Modifying memory using the typewriter keyboard. 
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4. Ciearing to zero parts of memory. 

5. Setting to HALT codes part of memory. 

6. Entering breakpoints into a program. 

7. Initiatingjumpstoany part of memory. 

8. Punching leader on tape. 

9. Punching memory on tape in RIM format. 

10. Punching memory on tape in PARITY format. 

11. Load memory from tape in PARITY format. 

tJECUS No. 5-12 

Pack-Punch Processor and Reader for the PDP-5 

The processor converts a standard binary-format tape into a more compressed 
format, with two 12-bit words contained on every three lines of tape. Check- 
sums are punched at frequent intervals, with each origin setting, or at least 
every 200 words. 

The reader, which occupies locations 7421 to 7577 in the memory, will load 
a program which is punched in the compressed format. A test for checksum 
error is made for each group of 200 words or less and the program will halt 
on error detection. Only the most recent group of words need be reloaded. 
Read-in time is about 10% less than for conventional binary format, but the 
principal advantage is that little time is lost when a checksum error is de- 
tected, no matter how long the tape. 

DECUS No. 5-13 

PDP-5 Assembler (for use on IBM 7044/7094) 

This program accepts IBM 7044/7094 symbolic programs punched on cards 
and assembles them for the PDP-5. An assembly listing is produced, and a 
magnetic tape can be converted to paper tape and then read into the PDP-5 or 
it can be read directly into a PDP-5 with an IBM compatible tape unit. Cards 
are available. 

DECUS No. 5/8-14 

u'lCcuaiiic lui iiic rur-ij/o 

Enables a user to play the game DICE on either trie PDP-5 or PDP-8. 

DECUS No. 5/8-15 

ATEPO: Auto Test in Elementary Programming and Operation of a PDP-5/8 

Computer. 

The program will type questions or instructions to be performed by the op- 
erator of a 4K PDP-5/8. The program will check to see if the operator has 
answered the questions correctly. If this is the case, it will type the next 
question or instruction. 

DECUS No. 5-16 
' Paper Tape Duplicator for the PDP-5 

The Paper Tape Duplicator for the PDP-5 is a single buffered read and punch 
program utilizing the program interrupt, it computes a character count and 
checksum for each tape and compares with checks at the end of the tape. 
Checks are also computed and compared during punching. 

DECUS No. 5/8-17 

Type 250 Drum Transfer Routine for use on PDP-5/8 

Transfers data from drum to core (Read) or core to drum (Write) via ASR33 
Keyboard Control. 
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DECUS No. 5/8-18A 

Binary Tape Disassembly Program , „ „Hnt^ 

Disassembles a PDP-5 or 8 program which is on tape m BIN format It prints 
the margin setting address, octal contents, mnemonic interpretation (PAL) 
of the ?c^al coSts. A normal program or a program which uses Floating 
Point may be disassembled. 

DECUS No. 5/8- 18C 

Disassembler with Symbols ^ ^ „,. <, 

This disassembler accepts a binary tape of standard format and foduces a 
SrnrQf the tape in PAL 111 mnemonics, and a cross-reference table of all 
dd^lssts^reU^c^ed by any -mo^-reference instruction. A ^yr^^^^^^ 
may be entered to produce a listing similar to a PAL III Pass 3 listing. A paten 
to produce only a cross-reference table IS included. 

Minimum Hardware: PDP-8 with 4K, ASR33, High-Speed Reader, EAE 

Storage Requirement: 20-17738 for program, 1773-75778 for scratch. 

DECUS No. 8-19a 

DDT-UP: Octal-Symbolic Debugging Program , . ,. 

DDT-UP is an octal-symbolic debugging program for a 4K PDP-8 which occu- 
piel 'ocations 5600-7667. The mnemonics for the -f^t ^a^c instructo^^^^ are 
defined internal to this area. Other symbols are stored four ocat^ns P^^ 
svmbol from 5577 down towards 0000. The mnemonics for the standard 
OPR and Tot group instructions are initially defined in this .^''ea. Thus the 
highest 10 ation ini?ially avalable to the user is 5363 Beg.nnmg at this loca- 
tion the user may define symbols one at a time using the comma (,) operator. 

From the Teletype the user can symbolically examine and modify the contents 
of any memo^ location. DDT-UP allows the user to punch a corrected pro- 
gram in CBL format. 

DDT-UP has a breakpoint facility to help the user run sections of his program. 
When this facility .is used the debugger also uses location OOUb. 

DECUS No. 5/8-20 

Remote Operator FORTRAN System 

Program modification and instructions to make the FORTRAN OTS version 
dated 2/12/65 operate from remote stations. 

DECUS No. 5/8-21 

Triple Precision Arithmetic Package for the PDP-5/8 

An arithmetic package to operate on 36-bit signed '^'^'If'^.^';^'^^^^^^^^ 
are add. subtract, multiply, divide, input conversion, ^"^ °"J,P ."^J^^^^^^^^ 
The largest integer which may be represented is 2^5 -1 or 10 decimal digi;s 
tK Snes Simulated a 36-bit (3 word) accumulator in f^^^^^^l^^ ^'^^ 
and 42 and a 36-bit multiplier quotient register m core 'ocatons 43 44 and 
45. Aside from the few locations in page 0, the routines use less core storage 
space than the equivalent double precision routines. 

DECUS No. 5-22 

DECtape Duplicate (552) ^ , ^ .„ 

A DECtape routine for the PDP-5 to transfer all of one "-^^^^tjaf port 1) to 
another (transport 2). Occupies one page of memory beginning at 7400. The 
fast page of memory is not used during the operation of the program; however 
he memory from 1 to 7436 is used to set the DECtape reels in the proper 
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f,^^'"!„f *'*"?^ ^"^. L^ *h^" destroyed during duplication. Duplication wiii 

commence after which both reels will rewind. Parity error wiH cause the 

program to halt with 0040 in the accumulator. 

DECUS No. 5/8-23A 

PDP-5/8 Oscilloscope Symbol Generator (4x6 Matrix) 

Irtpi^^n?''*'"^ T^^^ *'^"^'' *° '"''^^ ^ ^*^'"g °f characters, a pair of char- 
ASCITrimmpH^r ^ "i}^^ °" ^" oscilloscope. Seventy (octal) symbols in 
tn thi/rnT ?^^ ^""^ ^°''' ^P^"""^' 'format" commands are acceptable 

Teletype Output Pac'Jgr"" " '''''''' " ^ '^^'*°" ^'"^'^^^ ^° *^^ °^^ 

DECUS No. 5/8-23B 

PDP-5/8 Oscilloscope Symbol Generator (5x7 Matrix) 

Jil^f ^^r^''°''*■"^"'^y "^ ^^"^^ *° ^"-'te 3 String of characters, a pair of charac- 
chamctPrLnnn Q^ ^''^''*^'' ^" ^ ^"^^ Oscilloscope. Twenty-six alphabetic 
avaiifhi! f P H """'^'''^ characters are acceptable. However, there is space 
available to mclude any symbol the user desires. The program is operated in a 
fash.on s.m.lar to the DEC Teletype Output Package (DiiitaT 8 19 U) 
Source Language: MACRO-8 

Storage Requirement: 2008-7778 registers 

DECUS No. 5-25 

A Pseudo Random Number Generator 

The random number generator subroutine, when called repeatedly will return 
Hr.^^nT''^ °^ ^^:'"'* numbers which, though deterministic, appears to be 
drawn from a random sequence uniform over the interval OOOO, to 7777„ 
Successive numbers will be found statistically uncorrelated. The sequence 
will not repeat itself until it has been called over 4 billion times. ^^^uence 

DECUS No. 8-26A 

Compressed Binary Loader (CBL) 

lu^SaHf ^."^^'^P''®;^®'^ Binary Loader) format in contrast to BIN format utilizes 
time'saving^°''^'"''°'" ""°'"*''*'^ "' '"^ ^^P^- *nus achieving nearly 25% in 

As BIN tapes include only one checksum at the end of the tape, CBL tapes are 
divided into manv indenendppt MnrUc aooh r.f ,..u:,.u :_-...^., .x. ^ . . 

sum. Each block has an initial loading address for the block and a word count 
of the number of words to be loaded. 

Storage Requirement: 7700-7777 

DECUS No. 8-26B.1 
C8L2BN and BN2CBL 

?n^m^ '!.1=Mo°/l.''*"'*y program which converts paper tape in CBL format 
to BIN and BN2CBL converts paper tape from BIN to CBL format It offers 
nign or low speed I/O and proper punching of field characters. 

Program Language: PDPMAP — similar to PAL 

Storage Requirement: SOOg and 2008 Buffer; 
4008 and 2008 Buffer 
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DECUS No. 8-26C 

XCBL: Extended Memory CBL Loader 

XCBL is used to load binary tapes punched in CBL format into a PDP-8 witii 
more than standard 4K memory. This loader occupies locations 7670 through 
7777 of any memory field. 

DECUS No. 8-26D ' 
XCBL Punch Program 

This program permits a user to prepare an XCBL tape of protions of a PDP-8 
extended memory through the control the keyboard of the on-line Teletype. 

The program is loaded by the BIN Loader. 

There are two versions of the program so that any section of memory may be 
punched: 

LOW XCBL occupies 00000-00377 and its starting address is 00000. 

HIGH XCBL occupies 17200-17577 and its starting address is 17200. 

If bit is a ONE, the operation of XCBL PUNCH is similar to that of DDT-UP 
(DECUS No. 8-19a). 

DECUS No. 5/8-27 and 5/8-27a 

Bootstrap Loader and Absolute Memory Clear 

Bootstrap Loader inserts a bootstrap loading program in page from a 
minimum of toggled instructions. 

Absolute Memory Clear leaves the rnachine in an absolutely clear state and, 
therefore, cycling around memory obeying an AND instruction with location 
zero. Should not be used unless one plans to reinsert the loader program. 

DECUS No. 5/8-28a 

PAL III Modifications — Phoenix Assembler 

This modification of the PAL III Assembler speeds up assembly on the 
ASR33/35 and operates only with this I/O device. Operation is essentially 
the same as PAL III, except that an additional pass has been added. Pass 0. 
This pass, started in the usual manner, "but with the switches set to zero, 
reads the symbolic tape into a core buffer area. Subsequent passes then 
read the tape image from storage instead of from the Teletype. 

DECUS No. 5/8-29 

BCD to Binary Conversion Subroutines 

These two subroutines improve upon the DEC-supplied conversion routine. 
Comparison cannot be made to the DECUS-supplied fixed-time conversions, 
DECUS No. 5-6, because it is specified only for the PDP-5. One routine is 
designed for minimal storage, the other for minimal time. Both are fixed-time 
conversions; time specified is for a 1.5^s machine. 

Execution Time: Minimal Time routine — 73. 6/iS, 32 locations 

Minimal Storage routine — 85/xs, 29 locations 

DEC routine — 64 — 237/iS, 37 locations 

DECUS No. 5-30 

GENPLOT: General Plotting Subroutines for the PDP-5 

This self-contained subroutine is for the PDP-5 with a 4K memory and a 
CalComp incremental plotter. The subroutine can move (with the pen in the 
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up position) to locations (x, y), make an "x" at this location, draw a line from 
this present position to location (x, y) and initialize the program location 
counters. 

DECUS No. 5-31 

FORPLOT: FORTRAN Plotting Program for PDP-5 • 

FORPLOT is a 'general-purpose plotting program for the PDP-5 computer in 
conjunction with the CalComp 560 Plotter. It is self-contained and occupies 
memory locations OOOOg to 41778- FORPLOT accepts decimal data input on 
paper tape in either fixed or floating point formats. Formats can be mixed 
at will. PDP-5 FORTRAN output tapes are acceptable directly and any com- 
ments on these are filtered out. 

Storage Requirement: 0000-41778 

DECUS No. 5/8-32a 

Program to Relocate and Pack Programs in Binary Format 

This program provides a means to shuffle machine language programs around 
in memory to make the most efficient use of computer storage. 

DECUS No. 5/8-33 

Tape to Memory Comparator 

Tape to Memory Comparator is a debugging program which allows comparison 
of the computer memory with a binary tape. It is particularly useful for 
detecting reader problems, or during stages of debugging a new program. 
Presently uses high-speed reader, but may be modified for TTY reader. 

DECUS No. 5-34 

Memory Halt — A PDP-5 Program to Store Halt in Most of Memory 

With Memory Halt and OPAK in memory, it is possible to store Halt (7402) 
in the following memory locations: 0001 to 0005, 0007 to 6177, and 7402 
to 7403. 

Other Programs Needed: OPAK (DECUS No. 5-2.1) 

DECUS No. 8/8-35 

BCD to Binarv Conv(>rsinn <>iihrnMtinp anri Rinoni 4-r\ onn c..i%»...4.i.«» /r> i.*. 

Precision) 

This program consists of a pair of relatively simple and straightforward double 
precision conversions. 

DECUS No. 5-36 

Octal Mehiory Dump Revised 

The Octal Memory Dump on Teletype is a DEC routine (DEC-5-8-U) which 
dumps memory by reading the switch register twice; once for a lower unit 
and again for an upper limit. It then types an address, the contents of the 
program and the next three locations, issues a CR/LF, then repeats the 
process for the next four locations. This leaves the right two-thirds of the 
Teletype page unused. The 78| o instructions occupy two pages. 

This revised routine uses the complete width of the Teletype page and 
occupies only one memory page, using less paper and two less instructions. 
Now an address and the contents of 15 locations are typed out before a 
carriage return. 

DECUS No. 5-37 
Transfer II 

For users who have more than one memory bank attached, the PDP-5/8, 
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Transfer II may prove valuable in moving information from one field to 
another. When debugging, Transfer II enables a programmer to make a few 
changes in a new program and test it without reading in the original program 
again. Transfer II enables more extensive use of memory banks. 

DECUS No, 5/8-38 

FTYPE: Fractional Signed Decimal Type-In 

Enables a user to type fractions of the form: .582, -.73, etc., which will 
be interpreted as sign plus 11 bits (e.g., 0.5 - aoOOg). Subroutine reads 
into 300-3177 and is easily relocated, as it will work on any page without 
modifications. 

DECUS No. 5/8-39 « . * « u 

DSDPRINT, DDTYPE: Double-Precision Signed Decimal Input-Output PacKage 

DSDPRINt! when given a signed 24-bit integer, types a space or "i'""! sign, 
and then a 7-digit decimal number in the range -8388608 to -+-8388607. 
DDTYPE enables a user to type in a signed decimal number m either single 
or double precision. These routines are already separately available, but the 
present subroutine package occupies only one mennory page and allows 
for more efficient memory allocatiop. Location in 3000-3177, but will work 
on any page. 

DECUS No. 5-40 

ICS DECtape Routines (One-Page 552 Control) 

The routines will read or write from the specified DECtape unit and deJay the 
program until all I/O is completed. The last block read will overflow the 
specified region and destroy one core location. Only standard 129 word 
DECtape blocks will be read or written. The routines will halt if an error 
occurs with the status bits in the AC. 

DECUS No. 5-41 
Breakpoint 

This debugging routine has been reduced to a minimum operation. It is a 
mobile routine which can operate around any program that leaves an extra 
30 cells of memory space. 

Its function is to insert breakpoints in any given location of the program being 
debugged and to hold the contents of AC and Link. The programmer may 
examine any locations desired and then continue to the next breakpoint. It is 
presently located in 1408 - 1708, but may be easily relocated. 

Storage Requirement: 1408 - 1708 

DECUS No. 5-42 
Alphanumeric Input 

With the Alphanumeric Input Package, any character may be read into the 
PDP-5 through either the Teletype or the high-speed reader. The characters 
are packed two per cell and stored in the address indicated in the switch 
register. ' ' 

DECUS No. 5/8-43 

Unsigned Octal — Decimal Fraction Conversion 

This routine accepts a four-digit octal fraction in the accumulator and prints 
it out as an N-digit decimal fraction where N = 12 unless otherwise specified. 
After N digits, the fraction is truncated. Programs are included for use on 
the PDP-5 with Type 153 Automatic Multiply-Divide and the PDP-8 with Type 
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182 Extended Arithmetic Element. 
Storage Requirement: SSg locations for tlie PDP-5 

478 locations for the PDP-8 

DECUS No. 8-44 

Modifications to the Fixed Point Output in the PDP-8 Floating Point Package 
(Digital 8-5-S) 

The Floating Point Package (Digital 8-5-S) includes an Output Controller which 
allows output in fixed point as well as floating point format. This Output 
Controller takes the form of a certain number of patches to the "Finating 
Output E Format" routine, plus an additional page of coding. 

Using the Calculator program (Digital 8-10-S), which includes the Floating 
Point Package, certain deficiences were noted in the fixed-point output format 
particularly the lack of any automatic rounding off. 

This new version of the Output Controller is also in the form of patches to the 
Floating Output with an additional page of coding, thereby not increasing the 
size of the Floating Point Package. 

The following summarizes this new version: ' 

1. The number output is automatically rounded off to the last digit printed, 
or the sixth significant digit, whichever is reached first. Floating point 
output IS rounded off to six significant figures since the seventh is usually 
meaningless. 

2. A number less than one is printed with a zero preceding the decimal 
point (e.g., +0.5 instead of +.5). 

3. A zero result, after rounding off, is printed as instead of + . 

4. The basic Floating Point Package includes the facility to specify a carriage 
return/line feed after the number, using location 55 as a flag for this 
purpose. The patches for the Output Controller caused this facility to be 
lost. This version restores the facility. 

DECUS No. 5/8-45 

PrSB-K/O iSr,r^^i.^ - — i -r: oi i <*.-•-. 
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A time-shared programming system which allows remote stations immediate 
access to the computer and a wide selection nf programs. 

DECUS No. 5/8-46a 
PDP-5/8 Utility Programs 

Consists of seven programs (listed below) each of which may be selected via 
the teletypewriter. When the program is started, either by a self-starting binary 
loader or by manually starting the computer in address 2008, it is in its 
executive mode. In this mode, it will respond only to eight keys and perform 
the following functions: 

B — go to BIN to QK Converter Program 

E — go to Editor Program 

F— FORTRAN Tape formatter 

L — type a section of leader and stay in executive 

N — go to Editor Program without typing leader 
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P — go to Page Format Program 

T — ^Assembly language tape formatter 

Q — go to QK to BIN Converter Program 

DECUS No. 8-47 

ALBIN — A PDP-8 Loader for Relocatable dinary Programs 

ALBIN is a simple method for constructing relocatable binary formatted pro- 
grams, using the PAL III Assembler. Allocation of these programs can be 
varied in units of one memory page (128|o registers): When loading an ALBIN 
program, the actual absolute addresses of indicated program elements (e.g., 
the keypoint of subroutines) are noted down in fixed program-specified location 
on page zero. In order to make a DEC symbolic program suitable for trans- 
lation into its relocatable binary equivalent, minor changes are required 
which, however, do not influence the length of the program. Due to its similarity 
to the standard DEC BIN loader, the ALBIN loader is also able to read-in 
normal DEC binary tapes. ALBIN requires 122 io locations, RIM loader included. 
Piling-up in core memory of ALBIN programs stored on conventional or 
DECtape can be achieved using the same method with some modifications. 

DECUS No. 5/8-48 
Modified Binary Loader MKIV 

The Mark IV Loader was developed to accomplish four objectives: 

1. Incorporate the self-starting format described in DECUS 5/8-27, ERC 
Boot. 

2. Select the reader in use, automatically, without switch register settings. 

3. Enable a newly-prepared binary tape to be checked prior to loading by 
calculating the checksum. 

4. Reduce the storage requirements for the loader so that a special program 
would fit on the last page of memory with it. 

DECUS No. 8-49 
Relativistic Dynamics 

Prints tables for the relativistic particle collisions and decay in the same format 
as the Oxford Kinematic Tables. It can be used in two ways: 

1. Two-particle Collisions — Given the masses of incident, target, and 
emitted particles, the incident energy and centre-of-mass angles, the 
program calculates angles and energies of the emitted particles in the 
Lab frame. If the- process is forbidden energetically, program outputs 
"E" allowing the threshold energy to be found. 

2. Single Particle Decays by specifying M2 = (target), the problem will be 
treated as a decay, and tables similar to the above will be printed. 

DECUS No. 5/8-50 

Additions to Symbolic Tape Format Generator (DEC-8-21-4) 

These routines allow the user to perform further useful functions by the 
addition of a few octal patches. By making the appropriate octal patches via 
the toggles, the Format Generator can also format FORTRAN tapes, shorten 
tape by converting space to tabs, and convert the type of tape. 

DECUS No. 5/8-51 

Character Packing and Unpacking Routines 

ASCII characters may be packed two to a word and recovered. Control 
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characters are also packable but are preceded by a 37 before being packed 
into the buffer. 

Storage requirement: 63 lo words 

DECUS No. 8-52 
Tiny Tape Editor 

This Tiny Tape Character Editor fits in core at the same time as the PAL III 
or MACRO-8 Assemblers. A tape may be duplicated at three speeds and 
stopped at any character for insertion or deletion. The toggle switches control 
the speed and the functions desired. 

Storage Requirement: 72 lo registers 

DECUS No. 5/8-53 
COPCAT (DECtape Copy 552) 

COPCAT is a tape-to-tape copy routine for the PDP-5 and PDP-8 DECtape 
(552 Control). 

DECUS No. 5/8-54 
Tic-Tac-Toe Learning Program 

This program plays Tic-Tac-Toe basing its moves on stored descriptions of 
previously lost games. The main program is written in FORTRAN. There is 
a short subroutine written in PAL II used to print out the Tic-Tac-Toe board. 
The program comes already educated with about 32 lost games scored. 

Other Programs Needed: FORTRAN Object Time System 

DECUS No. 5/8-55 

PALEX — An On-Line Debugging Program for the PDP-5 /8 

One problem with programs written in Program Assembly Language (PAL) 
for operation on a PDP-5/8 computer is the danger of an untested program 
being self-destructive, running wild, destroying other programs residing in 
memory such as loading programs. PALEX prevents any of the above unwanted 
operations from occurring while it gives the operator-programmer valuable 
debugging information and enables him to make changes in his program and 
try out the modified program. Once running, PALEX cannot be destroyed by 
any program or instruction in memory, the operator need not touch any manual 
consoie controls and a!! required information is printed in easy-to-read format 
on the Teletype consoie. 

DECUS No. 8-56 
Fixed Point Trace No. 1 

A minimum size monitor program which executes the users' program one 
instruction at a time and reports the contents of the program counter, the 
octal instruction, the contents of the accumulator and link and the contents 
of the effective address by means of the ASR33 Teletype. 
Storage Requirement: two pages 

DECUS No. 8-57 
Fixed Point Trace No. 2 

Similar to Fixed Point No. 1 (DECUS No. 8-56) except that the symbolic tape 
provided has a single origin setting instruction of 6000. Any four consecutive 
memory pages can be used, with the exception of page zero, by changing this 
one instruction. 
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DECUS No. 8-58 

One-Page DECtape Routine (552 Control) 

A general-purpose program for reading, writing, and searching of magnetic 
tape. This program was written for the Type 552 Control. It has many 
advantages over both the standard DEC routines and also over the DECUS 
No. 5-46. The routines are one page long and can be operated with the 
interrupt on or off. The DEC program delays the calling program while waiting 
for the unit and movement delays to time-out. This routine returns control to 
the calling program. This saves V4 second every time the tape searches 
forward and half that time when it reverses. In addition, it will read and write 
block 0. This program is an advantage over the previous one-page routines 
in that it allows interrupt operations, does not overflow by one location, 
interrupts the end zone correctly and not as an error, and provides a calling 
sequence identical to the DEC program. 

DECUS No. 8-59 

PALDT — PAL Modifications for DECtape (552 Control) 

When assembling programs, PALDT requires that the symbolic tape be read 
in only once. The program writes on the library tape itself after finding 
the next available btock from the directory. During pass the tape is read-in 
using the entire user's symbol table. During passes, 1, 2, 3, as much of 
the symbol table is used as possible. This means the fewest tape passes 
possible. As an added advantage, pass ignores blank tapes, leader-trailer, 
line feeds, form feeds, and rubouts; thereby saving space. The whole program 
decreases the user's symbol table by only three pages: one for the DECtape 
program above, one for pass 0, and one for the minimal length read in buffer. 

DECUS No. 8-60 

Square Root Function by Subtraction Reduction 

A single-precision square root routine using EAE. This routine is usually 
faster than the DEC routine and can easily be ntodified for double precision 
calculation at only twice the computation time. 

DECUS No. 8-61 

Improvement to Digital 8-9-F Square Root 

An improved version of the DEC Single-Precision Square Root Routine (with- 
out EAE). Saves a few words of storage; execution is speeded up 12 percent. 

DECUS No. 5-63 
SBUG-4 

SBUG-4 allows the PDP-5 to execute one instruction of any given program at 
a time, returning to SBUG-4 following each instruction and printing out the 
contents of various registers. This permits following the path of a program 
which has gone astray or examining some defective operation. 

DECUS No. 5/8-64 

DECtape Programming System (552 and TCOl Controls) 

This program provides rapid access to DEC software and utilizes routines 
through the use of DECtape. Programs may be stored, edited, assembled, 
listed, or executed without reliance upon paper tape. 
May be used with both TCOl and 552 DECtape Controls. 
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DECUS No. S-65 

Editor Modified for DECtape (552) 

This program consists of modifications to tlie Digital 8-1-S Symbolic Editor to 
enable reading and writing on DECtape. This results in considerable time 
savings in assembling PAL programs since PAL has also been modified to 
accept the symbolic program directly from DECtape. The DECtape compati- 
bility is also useful for storing text for later use and for regaining Editor 
memory space lost due to delete and change commands. 



DECUS No. 8-66 

Editor Modified for DECtape (552) 

This program consists of modifications to the Digital 8-1-S Symbolic Editor 
to enable reading and writing on DECtape. This results in considerable time 
savings in assembling PAL programs since PAL has also been modified to 
accept the symbolic program directly from DECtape. The DECtape com- 
patibility is also useful for storing text for later use and for regaining Editor 
memory space lost due to delete and change commands. 

in addition, the overflow detection routine is now foolproof and results in a 
HALT. 

Storage Requirement: Editor <0, 1461 > 

Modifications: <1462, 1502> 
<6376, 7177> 

DECtape Routines: <7200, 7577> 

Minimum Hardware: PDP-Swith EAE, ASR33, DECtape 



PAL Modified for DECtaoe Input (552) 

This program is a modification to the Digital 8-3L-S PAL Assembly Program 
enabling PAL to obtain the symbolic program from DECtape (in addition^to 
paper tape), and output the assembled program in the usual manner. (I he 
symbolic program is written onto DECtape by use of the "Editor Modified 
for DECtape" Program.) This modification also makes it possible to assemble 
sections or commands from the keyboard with those from DECtape. The 
resulting assembly is limited in speed mainly by the punching of the assembled 
program during Pass 2; and Pass 1 is speeded considerably. Also included 
is a tabulator interpreter, providing Pass 3 listings in tabulated format. 

Storage Requirement: PAL III — <0, 3561 > plus symboKable 

Modifications— <6555, 7177> 
DECtape Routines — <6555, 7177> 

Minimum Hardware: PDP-8 with EAE, ASR33, DECtape 
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DECUS No. 8-68a 
LABEL for PDP-8 

The LABEL Program punches labels for paper tapes onJ:he Teletype punch. 
When a key on the Teletype keyboard Is depressed, no echo Is performed, but 
a few characters of tape are punched which form the outline of the character 
associated with the key. Outlines are punched for all characters whose code 
Is between 240 and 337. 

Store Requirement: Locations 200-677 of any memory field. 400-677 of 

Readable Punch. 



DECUS No. 5/8-69 

LESQ29 and LESQll 

The purpose of the program Is to fit the best sequence of parabolas to a 
given 400 point data curve in order to remove extraneous noise; rather than 
rely on a single 400 point parabola least squares fit to approximate a given 
data curve. Approximately 400 Individual parabolas are computed as follows: 

LESQ29 

Data values 1 through 29 are subjected to a second order least squares 
fit. The median point of the resulting parabola (point #15) is then sub- 
stituted for the original data value #15. 

A second parabola is then computed using data values 2 through 30. The 
median point of this parabola (point #1*6) is then substituted for point #16 
of the original data curve. 

This procedure is repeated until all data values have been replaced (except 
for the first and last 14 points which are excluded by the mechanics of 
the operation). 

LESQll 

Process identical to LESQ'29 except that an 11 rather than a 29 point 
smooth interval is used. First point replaced Is point #6, and only the first 
and last 5 points are excluded from smoothing. 

LESQll will preserve higher frequency data than LESQ29 for a given 
data curve with constant time between data points. 

Minimum Hardware: 4K PDP-5 or PDP-8 

Teletypewriter (plotter, DECtape optional) 

Other Programs Needed: Floating Point Interpretive Package (Digital 8-5-S) 

and appropriate data handling routines. 

Storage Requirement: LESQll: 400-564; 700-716 

LESQ29: 400-564; 700-751 

Execution Time: (PDP-5) LESQll: 1 minute 

LESQ29: 2.5 minutes 

Restrictions: Positive Integer data <37778; time between data 

points constant. 
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DECUS No. 8-70 

EAE Routines for FORTRAN Operating System (DEC-08-CFA3) 

These are two binary patches to the FORTRAN Operating System which 
utilizes the Type 182 EAE hardware for single precision multiplication and 
normalization, replacing the software routines in FOSSIL (the operating sys- 
tem). The binary tape is loaded by the BIN Loader after FOSSIL has been 
loaded. Execution time of a Guass-Jordan matrix inversion is reduced by 
approximately 30%. 

Minimum Hardware: PDP-8 with Type 182 EAE 

Other Programs Needed: FORTRAN Operating System DEC-08-CFA3-PB 

Dated March 2, 1967 

DECUS No. 8-71 
Perpetual CaJendar 

The program is designed as a computer demonstration. When a valid date 
is fed into the computer, the corresponding day of the week is typed out. The 
program is' based on the Gregorian Calendar and is limited to years between 
1500 and 4095. 

Minimum Hardware: PDP-8 with an ASR33 Teletype 
Storage Requirement: 20-1333 
DECUS No. 8-72 

Matrix Inversion, Real Numbers 

The program inverts a matrix, up to size 12 x 12, of real numbers. The 
algorithm used is the Gauss-Jordan method. A unit vector of appropriate 
size is generated internally at each stage. Following the Gauss sweep-out, 
the matrix is shifted in storage, another unit vector is generated and the 
calculation proceeds. 

Minimum Hardware: PDP-8 

Other Programs Needed: FORTRAN Compiler and FORTRAN Operating Sys- 
tem 
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ing bystem. 

Execution Time: Actual computation takes less than 10 seconds. 

Data read-in and read-out may take up to five 
minutes. 

DECUS No. 8-73 

Matrix Inversion, Complex Numbers 

The program inverts a matrix, up to size 6 x 6, of complex numbers. The 
algorithm used is the Gauss- Jordan method, programmed to carry out com- 
plex number calculations. A unit vector of appropriate size is generated 
internally. Following the Gauss sweep-out, the matrix is shifted, another unit 
vector is generated, and the calculation proceeds. 

Other Programs Needed: FORTRAN Compiler and FORTRAN Operating Sys- 
tem 

Storage Requirement: This program uses essentially ail core not used by 

the FORTRAN Operating System 

Execution Time: Actual computation takes less than 10 seconds. 

Data read-in may take up to five minutes. 
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DECUS No. 8-74 

Solution of System of Linear Equations AX-B, by Matrix Inversion and Vector 

Manipulation 

This Drogram solves the set of linear algebraic equations AX-B by inverting 
matrix A using a Gauss-Jordan method. When the inverse matrix has been, 
calculated, it is printed out. At that point, the program requests the B-vector 
entries. After read-in of the B-vector, the product is computed and printed 
out The program then loops back to request another B-vector, allowing 
the" system to solve many sets of B-vectors without the need to invert 
matrix A again. Maximum size is 8 X 8. 

Other Programs, Needed: FORTRAN Compiler and FORTRAN Operating Sys- 
tem 

Storage Requirement: This program uses essentially all of core not used 

by the FORTRAN Operating System. 

DECUS No. 8-75 , „ * ■ 

Matrix Multiplication — Including Conforming Rectangular Matrices 

This program multiplies two matrices, not necessarily square but which con- 
form for multiplication. 

Other Programs Needed: FORTRAN Operating System and FORTRAN Com- 
piler 

DECUS No. 8-76 
PDF NAVIG 2/2 

This program utilizes the output of the U. S. Navy's AN/SRN-9 satellite navi- 
gation receiver to obtain fixes on a PDP-8 or PDP-8/S. This program, except 
for some details of input and output, follows very closely NAVIG2 written 
for the IBM 1620, which in turn is derived from the TRIDON program written 
at the Applied Physics Laboratory of Johns Hopkins University for the 
IBM 7090. 

PDP-NAVIG2/2 is written in PAL III for 4K machine with ASR33. Floating 
point numbers using two 12-bit words as mantissa and one 12-bit word as 
exponent are employed. 

Restriction: The accuracy is slightly less than that using 7 decimal 

digits per word. 

Minimum Hardware: PDP-8 with an ASR33 

DECUS No. 8-77 , . . 

The purpose of this system is to expedite the programming of muiti-processmg 
problems on the PDP-8 and PDP-8/S. It maximizes both the input speed and 
the portion of real time actually used for calculations by allowing the program 
to run during the intervals between issuing I/O commands and the raising 
of the device flag to signal completion of the command. The technique also 
allows queuing of input data or commands so that the user need not wait 
while his last line is being processed, and so that each line of input may 
be processed as fast as possible regardless of its length. The system uses 
the interrupt facilities and has less than 3% overhead on the PDP-8/S (about 
0.1% on the PDP-8). 

This method is especially useful for a slower machine where the problem may 
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easily be calculation limited but would, without such a system, become I/O 
bound. ' 

The program may also be easily extended to handle input from an A/D 
converter. Here, the input would be buffered by groups of readings terminated 
either arbitrarily in groups of N or by zero crossings. 

This program can increase the I/O to computation efficiency of some programs 
by 100%. It can do this even for a single Teletype. Each user will probably 
want to tailor the program to his individual needs. 

Storage Requirement: eOOg registers for two TTYs plus buffer space. (Several 

device configurations are possible.) 
DECUS No. 8-78 
Diagnose: A Versatile Trace Routine for the PDP-8 with EAE 

This trace routine will track down logical errors in a program (the "sick" 
program). Starting at any convenient location in the "sick" program, instruc- 
tions are executed, one at a time, and a record of all operations is printed 
out via the Teletype. To avoid tracing proven subroutines, an option is pro- 
vided to omit subroutine tracing. The present routine is significantly more 
versatile than two other trace routines in the DECUS Library for the PDP-8 
(DECUS Nos. 8-56 and 8-57) in that it is able to trace "sick" programs 
containing floating point, extended arithmetic and a variety of input/output 
instructions. Diagnose is, however, at a disadvantage compared with DECUS 
No. 8-56 in requiring more memory space (five pages as opposed to two)- 
and compared with DECUS No. 8-57 in not possessing the trace-supppression 
features of the latter. The mode of operation of Diagnose is quite different 
from the other trace routines. 

Minimum Hardware: PDP-8 with EAE 

Other Programs Needed: Floating Point Package needed for floating point 

tracing. (DEC-8-5-S) 

Miscellaneous: Program is relocatable 

DECUS No. 8-79 

TIC-TACTOE (Trinity College Version) 

This TIC-TAC-TOE game is programmed, using internal logic, so that the 
coiii,juter wiii either win or stalemate, but not lose a game At the f^rminatio" 
of a game, the program restarts for the next game. 

DECUS No. 8-80 

Determination of Real Eigenvalues of a Real Matrix 

This is a two-part program for determining the real eigenvalues of a real- 
valued matrix. The matrix does not have to be symmetric. Part I uses the 
power method of iterating on an eigenvector to determine the largest eigen- 
value of the matrix. Part II then deflates the matrix using the results of Part I 
so as to produce a matrix of order one less than that solved for in Part I 
Part I can then be reloaded, and the next eigenvalue in line may be calculated 
In this, all the real eigenvalues may be computed in order. 

DECUS No. 8-81 

A BIN or RIM Format Data or Program Tape Generator 

This program enables a PDP-8 operator to generate tapes under Teletype 
control in RIM or PAL BIN format without formal assembly, assuming the 
operator knows the octal codes corresponding to each instruction. This is 
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particularly useful when one is dealing with small programs for testing inter- 
face equipment or when making small modifications to larger programs saving 
reassembling time. Tapes generated using this program can be appended 
to existing BIN or RIM tapes and can then be loaded with the original tape 
into core with the appropriate leader. Another use of this program is in the 
preparation of data tapes in RIM or BIN format so that data can be loaded 
directly into PDP-8 core via the usual loaders. The program also generates 
leader/trailer code and a checksum under program control. 

Storage Requirement: Locations 6000-6077. 

DECUS No. 8-82 

Library System for 580 Magnetic Tape (Preliminary Version) 

The system provides for storing program files (or other files) on the 580 
Magnetic Tape with PDP-8, and recalling them at will without altering the state 
of the rest of the computer. In general principle, it is similar to the DECtape 
Library System, and the only effective storage requirement is the last page 
of memory. 

At present, the system consists of three programs known as BOOTSTRAP 1, 
BOOTSTRAP 2, and the LIBRARY Routines. 

BOOTSTRAP 1 is a minimal loader program which resides in the last page of 
memory. Its function is to rewind the tape and load BOOTSTRAP 2 into the 
last page, automatically transferring control to it. Bootstrap saves the area 
of core to be used by the system as a record on the magnetic tape, loads the 
LIBRARY Routines into core, and transfers control to them. 

The LIBRARY Routines comprise a Directory of the files on tape, an Input- 
Output package enabling communication with the Teletype, and four system 
programs: 

List Types out the names of files in the Directory 

CAll Transfers a file into core and exits 

DUmp Writes a file on tape, rewrites the Directory, and exits 
EXit Restores the computer to its original state, with BOOTSTRAP 1 and 

BIN on the last page. 
The magnetic tape subroutine and some control functions are included in 
BOOTSTRAP 2. Each entry in the directory consists of three words: the name 
of the file, its first location in core, and the number of words it occupies. 
The capacity of the directory is 22| o entries. 

DECUS No. 5/8-83A & B 

Octal Debugging Package (with and without Floating Point) 

This program is an on-line debugger which will communicate with the operator 
through the ASR33 Teletype. It allows register examination and modification, 
octal dumping, binary punching, multiple and simultaneous breakpoints, 
starting a program, and running at a particular location with preset AC and 
link. ODP is completely relocatable at the beginning of all pages except page 
zero, and is compatible with the PDP-5, the PDP-8, and the PDP-8/S. 

•Storage Requirement: The high version of ODP requires locations 7000-7577. 

The low version requires locations 0200-0777. All ver- 
sions will require three pages. Also, location 0002 is 
used for a breakpoint pointer to ODP. 

Minimum Hardware: The standard PDP-5, 8, or 8/S, with ASR33 Teletype is 

required. A high-speed punch is optional. 
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DECUS No. 8-84 
One-Pass PAL ii! 

This is a modification to Digital 8-3L-S. For use on an 8K PDP-8 with ASR33. 
The principle of the modification is to store the incoming characters during 
Pass 1 into the memory extension and take them from there during Pass 2 
and 3. Source programs must be limited to 4095 characters. This modification 
can save about 40% of assembly time. 

Operation of the program is the same as for PAL III except that the reading 
of the source program for Pass 2 and 3 need not be repeated. For these 
passes, one simply presses CONTINUE after setting the correct switches. 

Restriction: The program does not work with high-speed reader and punch. 

DECUS No. 5/8-85 

Set Memory Equal to Anything 

This program will preset all locations to any desired settings; thus combining 
a memory clear, set memory equal to HALT, etc. into a single program. The 
program is loaded via the switch registers into core. 

DECUS No. 8-87 
XMAP 

This program types out the contents of the DECtape directory on TTY key- 
board. The list includes the name of the program, its initial block number, 
the amount of blocks used, the starting address and the locations of the 
program in core. The above restriction is only a format restriction due to 
the line length on the TTY unit. At. present, this program is operational only 
with the TCOl control; however, the symbolic version may be modified for use 
with the 552 control. 

Storage Requirement: 0000-1232, 6000-6577 (directory) 

Restrictions: Each program on tape is assumed to occupy no more 

than three successive sequences of memory pages. 

DECUS No. 8-8S 

DECtap;: Symholir Pormat Generator 

These are DECtape versions of the Symbolic Tape Format Generator, Digital 
8-21-U, that operate under the DECtape Programming System. DECUS 5/8-64. 
They provide neat format for symbolic files generated with XEDIT, and a 
means to get symbolic programs out on paper. They compact a program 
containing extra spaces and give the number of blocks actually used in the 
output file. The library tape is executable on TCOl equipment only, but 
instructions are given for altering it for 552 equipment. 
Minimum Hardware: PDP-8 with TCOl Control 

Other Programs Needed: XRDCT, XWDCT, XBUFF, (DECUS No. 5/8-64) 

DECUS No. 8-89 

XOD: Extended Octal Debugging Program 

XOD is an octal debugging program for a PDP-8 with extended memory 
which preserves the status of the program interrupt system at breakpoints. 
The program occupies locations 6430 through 7577 of any memory field. 
From the on-line Teletype, the user can examine and modify the contents 
of any memory location. Positive and negative block searches with a mask 
may also be performed. 
XOD includes an elaborate breakpoint facility to help the user run sections 
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of his program. When this facility is used, the debugger also uses locations 

0005, 0006, and 0007 of every memory field. 

Restrictions: The ability to punch binary tapes is not included Ir XOD. 

DECUS No. 8-90 
Histogram on Teletype 

This routine plots histograms on the Teletype when there is no CRT display 
available or no means of making a permanent copy of a CRT display. Input 
to the routine consists of a vertical scaling factor, the size of the table to be 
plotted (limited only by the size of the Teletype print line), the starting address 
of two core areas: one containing the data to be plotted, and one for use as 
temporary storage by the machine. 
Storage Requirement: 128io words plus tables 

DECUS No. 8-91 

MICRO-8: An On-Line Assembler 

MICRO-8 is a short assembler program for the PDP-8 that translates typed 
mnemonic instructions into the appropriate binary code and places them in 
specified memory locations immediately ready to function. It processes the 
typed instructions by a table look-up procedure. 

It is especially useful for programs of less than one page which are to be 

run immediately. Only octal (not symbolic) addresses may be specified, but 

the user has control of the zero page and indirect addressing bits. An octal 

typeout routine permits examination of any memory location. 

Storage Requirement 3200-4200 

Restrictions: MICRO-8 is quite capable of modifying itself. 

DECUS No. 8-92 

Analysis of Pulse-Height Analyzer Test Data with a Small Computer 

This PDP-8 computer program is used in the evaluation of test data for multi- 
channel pulse-height analyzers. The program determines integral and differen- 
tial nonlinearities and examines smooth spectra of radioactive decay. 

DECUS No. 8-93 

CHEW — Convert Any BCD to Binary — Double Precision 

This subroutine converts a double precision (6-digit) unsigned-integral binary- 
coded decimal (BCD) number with bit values of 4, 2, 2, and 1 to its integral- 
positive-binary equivalent in two computer words. It is possible to change 
the bit values to any desired values and thereby convert any BCD number 
to binary. 

Storage Requirement: 0109 lo 

DECUS No. 8-94A 
BLACKJACK 

This program enables a person to play BLACKJACK with the computer. The 
computer- acts as dealer and keeps track of bets, cards played, etc. 

Storage Requirement: 0-37778 

Minimum Hardware: PDP-8 with EAE 

DECUS No. 8-94B 
Patch for BLACKJACK 

This patch contains two overlays for BLACKJACK (DECUS No. 8-94A). The 
first eliminates the need for the EAE hardware, the second allows one to 
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"HIT?" is made invalid). 

Minimum hardware: PDP-8, 8/S, or 8/1 

Other Programs Needed: DECUS No. 8-94A 

DECUS No. 8-95 
TRACE for EAE 

TRACE interpretively executes a PDP-8 program. At the same time, a print- 
out is provided of the contents of the program counter, the instruction, the 
link, accumulator, and multiplier-quotient registers, and where applicable the 
effective address and the contents of the effective address. This printout may 
be for all or a selected type of instruction within selected memory bounds. 
The program is capable of handling any PDP-8 instruction including lOT, two- 
word EAE, and interrupt instructions. TRACE cannot be destroyed by the 
program being traced while TRACE is in control. 

Minimum Hardware: PDP-8 with Type 182 EAE, ASR33 Teletype 

Storage Requirement: 4008 or SOOg locations. 

DECUS No. 8-96 

J Bessel Function (FORTRAN) 

This program computes the J Bessel Function for a given argument and order. 
It is complete PDP-8 FORTRAN program that operates in a conversational 
mode. 

Other Programs Needed: FORTRAN Compiler/Operating System 

DECUS No. 8-97 
GOOF 

A one page program which allows insertion of instruction (xxxx) in location 
(nnnn) by means of the TTY keyboard. A feature of automaticalty incrementing 
the current address permits rapid insertion of blocks of data or instructions. 
Typing RUB-OUT reinitializes the program. 

-Storapf* Rennirpmpnt" 1 7?^« loratinn^ H naoA^ 
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DECUS No. 8-98 
3D DRAW for the 338 

■ iMO plugidiii lo a uciiiuiioiiatiuii ui k,iic i.a[jaUiiii.icS ui liic OOO SySlciil. tiic 

program allows the user to sketch three dimensional objects on the scope and 

rotate them in real time. 

Minimum Hardware: PDP-8 with 338 Display 

DECUS No. 8-99A 
Kaleidoscope 

The program creates pictures on the PDP-8 or PDP-8/S with 34D Display. 
They are varied by manipulating the sense switches (within the range 0000 — 
0007). The program was submitted without comments by an anonymous 
donor. 

DECUS No. 8-99B 
Kaleidoscope — 338 

The program creates varied pictures by manipulating the buttons of the 338 
Display pushbutton bank (within the range 0000-0007). 
Storage Requirement: 2008 - 2748 
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DECUS No. 8-100 

Double- Precis! on Binary Coded Decimal Arithmetic Package 

Consists of the following routines: 

BCDADD — The single-precision BCD addition routine is the basic component 
of the BCD arithmetic package. This routine functions simply by masking out 
and adding together corresponding. BCD digits (i.e., four bits) and checking 
for carry (i.e., when the sum of two four-bit numbers is greater than 9 (1001))'. 

MPYBCD — This routine multiplies a single precision (three digit) number 
times a double precision one to produce another double precision number. 
Overflow is indicated in the link; the arguments are not affected. 

SUBBCD — One double precision BCD number is subtracted from a second 
by this routine. It uses a 9's complement routine and the double precision 
add routine. 

DOLOUT — Special formats: ("$XXXX'YY "); ("XXXXXX "); (3 nonprinting 
data codes); ("XXX "). 

DECUS No. 8-101 
Symbolic Editor with View 

This program is an extended version of the standard PDP-8 Symbolic Editor 
(high-speed I/O) program. One extra command has been added, "V", which 
takes the lines specified by the arguments and displays them on the CRT (338). 
The program, otherwise, operates in the same way as the Editor. 

The following pushbutton options are provided: 

0: Count Up Scale 

1: Count Down Scale 

2: Count Up Intensity 

3: Count Down Intensity 
Minimum Hardware: 8K PDP-8, 338 CRT, and VC38 Character Generator 

DECUS No. 8-102a 

A LISP Interpreter for the PDP-8 * 

LISP is a programming language for list manipulation. The system is partic- 
ularly suitable for conversational use and teaching. There are very few restric- 
tions to the language apart from the total storage space. More than half 
of the storage is Used as list space. 

Minimum Hardware: 4K PDP-8 and ASR33 

DECUS No. 8-103A 

Four Word Floating Point Function Package 

This program package, written for use with Digital's Four Word Floating Point 
Package (DEC-08-FMHA-PB), includes subroutines to evaluate square, square 
root, sine, cosine, arctangent, natural logarithm, and exponential functions. 

DECUS No. 8-103B 

Four Word Floating Point Rudimentary Calculator 

This is a minimum space program to perform calculations with the 10.5 
decimal place precision of Digital's Four Word Floating Point Package (DEC- 
08-FMHA-PB), and uses the Four Word Floating Point Function Package 
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(DECUS 8-103A). Operations are performed in the sequence in which they 
are entered. One storage register is provided. Up to five user-defined operation 
routines may be called. 

DECUS No. 8103C 

Four Word Floating Point Output Controller with Rounding 

This subprogram is almost identical to the output controller for the Three Word 
Floating Point Package (Digital 8-5-S) with the rounding addition (DECUS 
No. 8-44) except that the Four Word Floating Point Package (DEC-08-FMHA-PB) 
is used. 

DECUS No. 8-103D 

Additional Instructions for use with Four Word Floating Point Package 

These subroutines allow the Four Word Floating Point interpreter to perform 
the operations: read a floating point number, skip positive floating point 
accumulator, skip zero floating point accumulator, no operation, unconditional 
jump, negate floating point accumulator, and halt. The two skip instructions 
and the jump instruction allow forward or backward jumping up to 15 locations 
of instructions. 

DECUS No. 8-104 

Card Reader Subroutine for the PDP-8 FORTRAN Compiler 

Modifications and additions which allow the PDP-8 FORTRAN Compiler to 
read source programs from cards. The standard FORTRAN card format is 
used with only minor modifications. 

Minimum Hardware: 8K PDP-8 and a Type CROIC Card Reader 

DECUS No. 8-105 
D-BUG 

D-BUG is an aid used in debugging PDP-8 programs by facilitating commu- 
nication with the program being run. Communication between operator and 
program is via the ASR33 Teletype. D-BUG is similar to DEC's ODT II (DEC- 
08-COAl-PB); however, it uses the DEC Floating Point Interpreter (Digital 
S-5-S). 

Twu iriudes of operation are possible, fixed and floating point. D-BUG features 
include register examination and modification, control transfer, octal dumping, 
and instruction trap-outs to D-BUG control. Registers containing floating 
point numbers may also be examined, and break-traps can be inserted in 
floating point programs. 

DECUS No. 8-106 
Readable Punch 

This program enables the user to type a character on the keyboard and 
produce the character in readable form on paper tape. The program uses 
the high-speed punch. The readable characters on tape are produced by means 
of a table which contains the format of a 6 x 5 matrix using three words of 
storage per character to be punched. In addition, channel 8 is punched 
throughout. The program is terminated by typing a carriage return which 
generates 6 inches of tape. (Reference DECUS No. 8-68A). 

DECUS No. 8-107 
CHESSBOARD Display on the 338 

This program displays a chessboard on the screen of a DEC 338 Display with 
all thirty-two chessmen set up on their initial board positions. There is no 
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provision to move them about the board; it is just a derhonstration picture. 
Storage Requirement: 03000 - 043208 
Minimum Hardware: PDP-8 with 338 Display 

DECUS No. 8-108 

INCMOD: Increment Mode Compiler (338) 

The INCMOD program for the DEC 338 Display allows the user to build a dis- 
play subroutine ?omposed of increments only. The user inputs information 
by pointing with the light pen. The program displays the figure he -s construct- 
ing in each of the four available scale settings. The program is of value as a 
demonstration and may be of help for maintenance purposes. It occupies 
Sons 00^^ builds the.increment mode display file beginning 

at location 1232. 

Storage Requirement: 0000-12318 
Minimum Hardware: PDP-8 with 338 Display 

DECUS No. 8-109 

SEETXT Subroutine (338) .. ^ ■ ^ . 

SEETXT is a subroutine for the DEC 338 Display which cari be called instead 

of the normal typeout subroutine. In addition to typing, it displays all prmted 

characters on the screen corresponding to the last twenty lines which^ have 

been typed out. 

The program includes the option of suppressing the typingsotfiat output can 

occur at a much higher rate than ten characters per second. The "ser has the 

option of controlling the length of a decay loop in the subroutine so that out 

put rate may range from nearly immediate to Teletype rate. 

The maximum number of lines displayed, the scale, and intens'ity may b^^^ 
altered at any time. There is also the option of clearing the screen of display 
ing a blinking marker at the current typing position. 
Minimum Hardware: PDP-8 with 338 Display 

DECUS No. 8-110 
DIREC: Directory Print 

DIREC is a. system program to be used with the PDP-8 Disk Monitor System. 
The program lists an index of the file directly for the disk on the on-line Tele- 
type. The user has the option of seeing the index to system files or user files, 
or both. 

DIREC can also be used in conjunction with the SEETXT Subroutines for the 
338 Display to obtain a listing of the directory on the display screen. 
Other Programs Needed: Disk Monitor System 
Minimum Hardware: PDP-8 with Disk 

DECUS No. 8-111 
DISKLOOK 

DISKLOOK is a small utility program for a PDP-8 with a 32K DF32 Disk Using 
the on-line Teletype, the user may examine and alter any location (in octal) on 
the disk. Masked searches are also available. 
Minimum Hardware: PDP-8 with 32K DF32 Disk 
Storage Requirement: 200 - 7778 
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DECUS No. 8-112 
Sentence Generator 

This program generates random English language sentences, using a dic- 
tionary (provided by the user) of ten basic word groups (A-J). The dictionary 
IS used in conjunction with a random number generator and a syntactical 
Snc^s ^^ ^" °"*^''* °^ randomly constructed English language 

The program is an excellent vehicle for computer demonstration purposes. 
It may also be used in English teaching programs to aid students in perceiving 
sentence structure and errors in the use of words. 

DECUS No. 8-1 13 

Conversion of Friden (EIA) to ASCII 

Xhis program will translate tapes prepared on a Friden Flexowriter (EIA) into 
ar^rl A^ ., L^!* assembly, further editing, or feeding into the FORTRAN pro- 
gram. Alphabetic characters may be in either upper or lower case. The program 
character^ ^"^ comparison with the negative complement ASCII 

Storage Requirement: 2138 including 2 autoindex registers 

DECUS No. 8-114 

Rounded Decimal Output Modification for PDP-8 FORTRAN 

The program loads over the PDP-S FORTRAN Operating System (DEC-08-AFA3- 
PB) and provides output in conventional decimal form: rounded, aligned, and 
w^th plus sign leading zeros (other than one, in the case of fr^ctilnal num- 
mlt/i'J K ^ ^"^ '^^'"'"^' P°'"* replaced by spaces. The FORTRAN trigono- 
s^atemJntri«fa .^''^^r'-^'-'^^"- The source program must begin with two 
statements assigning integer variables representing, respectively the numbers 

Iftf fhSrr' K° ''" '''^'* °' *^^ '^^"^^' P°'"t' ^"d the toial number ol 
digits (these can be reassigned, by program or manually). Output is called 
.n the normal way, i.e. by TYPE statements referring to FORMAT statements 

Tutri I" h'"^'^' .'■ '■ °"*P"* '' ' """^'^^^' '^ "°^ P°^«*b>« *n the format 
requested, the decimal point is shiftpH to t^o rs^i,* :„ *■.,. *:.•-.. :, ,..,... . 

output is stii, impossible, or if zeroiT '^^.;;ri^^; ^t^'::^r: ;z::s^ 

output reverts to •'£" format. ~ " ' 

Restrictions: FORTRAN source language programs must begin with two 
special statements defining format required. 

DECUS No. 8-1 15a 

Double Precision Integer Interpretive Package 

This program is similar in operation to the Floating Point Package (Digital 
8-5-S). It consists of addition, subtraction, multiplication, division, load store 
jump and branch subroutines coupled to an interpreter. It allows direct and 
mdjrect addressing in the normal assembly language manner. The operation 
IS faster and more compact than the collected individual double precision 
subroutines. ^ 

Minimum Hardware: PDP-5, 8, 8/S, or 8/1. 

Storage Requirement: 14 words in page and an additional 2 page 

of memory 
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DECUS No. 8-116 

PDP-8 Automatic Magnetic Tape Control (Type 57A) 

Library System 

The PDP-8 Automatic Magnetic Tape Control (Type 57 A) Library System is a 
series of bootstrap programs which load library programs into memory from 
an IBM-compatible magnetic tape read using a Type 57A Automatic Magnetic 
Tape Control. A program is selected by entering the appropriate code number 
into the switch register on the computer console. 

A copy of the IBM-compatible library tape may be obtained by sending a V2 
inch magnetic tape to the author. 

DECUS No. 8-117 

A PDP-8 Interface for a Charged-Particle Nuclear Physics Experiment 

Documentation (only) describing an interface constructed to use a PDP-8 
^ computer with a charged-particle detector system employing three solid-state 
detectors and flight-time analysis. Up to 48 bits from each randomly-occurring 
event are transferred through the data (break) channel to a hardware-selected 
buffer region in the core of a PDP-8 computer. Designed for use as a magnetic 
tape analyzer for the most complex cases, the system assumes that the 48 bits 
originate in flag bits set by fast logic and in (presently four) amplitude 
digitizers, ail of which are assumed to contain information for the same event. 
The system includes some limited capability for controlling the course of the 
experiment, and provides for read-out through the computer of a series of 
external fast counters. The report summarizes the design concepts, sTiows 
schematic flow diagrams, defines the computer instructions associated with 
the interface system, and gives simple model programs to illustrate methods 
of applications. 

DECUS No. 8-118 
General Linear Regression 

The major section of this program is the "Main Arithmetic IX" which consists 
of four initializing statements, an input section; a weighting section; a section 
which cumulates means, sums of squares, etc.; a section which cumulates the 
relevant regression coefficients, etc.; and a section which calculates confidence 
limits as variances. 

The section which calculates the relevant regression coefficients allows for 
both cases of linear regression, and in the computation of standard error of 
the intercept, uses (N-2) degrees of freedom to provide a better estimate for 
small values of N while providing negligible differences from conventional 
calculation when N is larger. 

The section which calculates confidence limits as variances provides a calcu- 
lation of the variance of the error of the estimate of the dependent variable 
again using (N-2) degrees of freedom for the general case. This calculation is 
fully corrected for both random variance within the tested population of data 
and for the difference between the independent variable and the mean of the 
independent variable for the population of data. 

DECUS No. 8-119 
OftLine TIC-TAC-TOE (PAL) 

TIC-TAC-TOE is a self-learning program which will improve its game as it 
plays. Whenever its human opponent wins, the program changfes its strategy 
such that it can never be beaten again in the same way. Thus, the program 
gains "experience" every time it loses. The program will punch its experience 
on paper tape in binary format on request. This experience tape can be reread 
by the program at any time and will reset the program to the level of experi- 

333 



ence it had when the tape was punched, the program will notify the operator 
if any error is made in reading the experience tape and gets very upset if the 
player tries to cheat. 

Storage Requirement: Locations 10-4000 (approximately) 

Will operate with low or high speed tape input/ 
* output equipment. 

Minimum Hardware: PDP-8, ASR33, or high-speed reader and punch 

DECUS No. 8-120 
Disk/DECtape FAILSAFE 

This program will punch the contents of the disk (or DECtape) onto paper 
tape which can be loaded back onto the disk using the same program. The 
paper tape is punched in 2008 word blocks in binary format, with a checksum 
for each block. FAILSAFE simplifies and speeds the process of rebuilding the 
Disk System Monitor after running disk tests. 
Minimum Hardware: PDP-8, 8/S, 8/1, with 32K Disk or DECtape 

DECUS No. 8-121 

DECtape Handler (552 DECtape) 

This program allows quick, controlled data-block transfers between the PDP-8 
and DECtape. It reads, writes and searches in minimum time (interrupt mode), 
requires minimum space (overlay with lastpage BIN, RIM, DECSYS Loaders) 
and occupies only two blocks on tape (block = System, block 1 = Return- 
System). It is protected against destruction and gives, after the transfer, the 
status levels for testing purposes. It is usable as a Switch Register controlled 
program or as a subroutine with or without interrupt, giving the possibility of 
quick data storage, program shuffling and overlay technique with PDP-8 
and DECtape. 

Minimum Hardware: PDP-8, DECtape 552 Control 

DECUS No. 8-122A 

SNAP: Simplified Numerical Analysis Program with EAE 

SNAP is a coriiputer language for real-lirrie inleraetive COinputatiOn wllicli Cari 
Kp i^^^^fK^ jp. *-^cQ '''^■'-"i '--^P h'«"i' 'i* '~ -«.» .-A-i'^. •i^.'i. . ..^pX.jf :^ 4.^^au:«.- rr"*' 

gramming to beginners, 

A unique feature of SNAP is its ability to interact on-line with other laboratory 
instruments. SNAP can accept electrical inputs directly and can read inputs 
from a real-time clock. Both of these functions are incorporated in a single 
SNAP instruction. 

Another feature particularly useful for biological problems is Table Instruc- 
tions. A list of 100 numbers may be entered from the keyboard or from 
punched paper tape. 

DECUS No. 8-122B 

SNAP: Simplified Numerical Analysis Program Without EAE 

See 8-122A for Abstract 

DECUS No. 8-123 ^ 

UNIDEC Assembler 

The UNIDEC Assembler runs on the Univac 1108 and passes assembled PDP-8 
code over the electronic link between the 1108 and PDP-8. The source state- 
ments ^a re punched on cards for input into the 1108 in a format nearly 



identical to that of MACRO-8. A printed listing and object code are produced 

as fast as the cards can be read. ' 

Note: Source deck and documentation only available. 

DECUS No. 8-124 

PDP-8 Assembler for IBM 360/50 and above 

The 360/PDP-8 Assembler is a collection of programs written mostly in 
FORTRAN IV (G) which operates on the IBM 360/50 and above. It assembles 
programs for PDP-5 and PDP-8 computers. Once a program has been assem- 
bled, it may be punched on cards, saved in a file, or transmitted through the 
Data Concentrator over data lines. It is also possible to obtain binary paper 
tapes by use of the Data Concentrator. 

The Assembler follows the PAL III operation code and addressing convention. 
The input format and program listing conventions are slightly different from 
those of PAL III, because it is organized around a line format, while PAL III 
is organized around a paper tape format. 
Note: Source deck and documentation only available. 

DECUS No. 8-125 

PDP-8 Relocatable Assembler for IBM 360/50 and above 

The documentation available describes a method for segmenting PDP-8 
programs for the purpose of facilitating program maintenance and residence- 
in MTS (Michigan Terminal System) files. The method provides for program 
storage on a page-relocatable basis with relocation information continuous 
to but not necessarily integral with text i'nformation. Linkages between 
separately assembled program segments are provided in a form very similar 
to those used in IBM System/360 systems. 

Currently available utilities within MTS provide assembly and link-editing 
facilities, using programs stored either as punched card decks or in MTS files. 
Utilities are also included for the purpose of paper tape transcription either in 
PAL-compatible format or in a special format useful for dynamic loading via 
a data link to a remote machine. In addition to these MTS utilities, two 
relocating PDP-8 loaders are available which operate using the special 
dynamic-loading format. Each of these programs occupies one dedicated page 
of PDP-8 memory and operates in a multicore-bank environment. One of these 
programs is designed to operate as a stand-alone utility, while the other is 
designed to operate within the RAMP system. 

DECUS No. 5/8-126 

Cumulative Gaussian Distribution Curve Fitting 

This is a curve fitting program that will take a set of any number of points 
with any spacing describing a cumulative Gaussian distribution and deter- 
mine the mean and standard deviation by an iterative least squares differential- 
correction technique. The mean square error of the final curve is also computer. 

Other Programs Needed: 'FORTRAN Compiler and Operating System 

Source Language: PDP-5/8 FORTRAN 

DECUS No. 8-127 

XDDT: Extended Octal-Symbolic Debugging Program 

XDDT is an octal-symbolic debugging program for extended memory which 
preserves the status of the program interrupt system at breakponts. It is the 
result of merging the features of the DDT-UP (DECUS No. 8-19a) and XOD 
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(DECUS No. 8-89) debugging programs, and it includes many improvements 
over its predecessors. 

From the Teletype, the user can symbolically examine and modify the contents 
of any memory location in a variety of formats. Positive and negative block 
searches with a mask may also be performed. 

XDDT includes an elaborate single-breakpoint facility to help the user run 
sections of his program. 

The ability to punch binary tapes is not inducted in XDDT. 

Minimum Hardware: Basic PDP-8, but recommended for 8K or more 

Source Language: PDPMAP 

Storage Requirement: With initial symbol table, 4200-7577 

DECUS No. 8-128 

PDP-8 Oscilloscope Display of Mathematical Function 

This is a general-purpose FORTRAN program for oscilloscope display of 
single-valued functions, y = f(x). The FORTRAN statement of the function 
can be changed by the user so as to display specific functions of interest to the 
user. The user must specify a range for the independent variable. Scaling 
of the function for an appropriate display is carried out automatically by the 
program. The user may then interrupt the display to respecify the range of 
either independent or dependent variable. The display will be flicker-free on 
a conventional (nonstore) oscilloscope. 

Minimum Hardware: 4K PDP-8, Type 34D Display Unit 

Other Programs Needed: FORTRAN compiler and operating system, PAL 

Assembler 

Source Language: , FORTRAN (main program), PAL (subroutine) 

DECUS No. 8-129 

PDP-8/57A Magnetic Tape Program Library System 

Programs may be written on a^d called off IBM-compatible tape by name 
from the leietype. BIN and RIM loaders may also be called in from the 
Teletype. Only the last page of core is used. Library programs may be cor- 
rected, modified, or added to at any time.. When caHed in, programs may be 
relocated in core. It is possible to subdivide programs as they are written on 
tape and then individually relocate each portion as it is loaded in. 

Minimum Hardware: Standard PDP-8, 57A Tape Control 

Source Language: MACRO-8 

Storage Requirement: 7600-7777 

DECUS No. 8130A 

REBIL8: Relocating Binary Tape Loader for the PDP-8/S 

Sections of the DEC-08-LBAA-LA Binary Loader have been rewritten to extend 
its duties to loading of suitably prepared relocatable binary, program tapes as 
well as address and data modifications. Requirements are the same as the 
standard DEC loader, and REBIL8 will load standard DEC binary tapes. 

Minimum Hardware: PDP-8/S and ASR33 

Source Language: MACRO-8 






OECUS No. 8-130B 

RELCON: Binary to Relocatable Binary Tape Converter 

RELCON is used to tag data, used by memory reference instructions for 
indirect addressing, with the Data Modification Mark (376 Code). It may also 
be used to adjust addresses so that the relocatable version begins loading 
memory at page if no address modification is specified. This does not mean 
that the program will operate in this area of memory but serves to simplify 
address specification at load time. 

DECUS No. 8-131 

SRCD: Software Rapid Character Display 

SRCD (Software Rapid Character Display) is not a program but a method for 
quick display of the maximum number of text characters. A listing of 
increment-mode command words is supplied for the sixty-four characters 
on the Teletype keyboard. Each character is drawn with a 5 x 7 dot matrix 
followed by two blank points to provide spacing. It is useful for displaying 
buffers of text, such as for editing programs or in utilization of the display 
as a satellite processor in time-sharing systems. In these applications, the 
PDP-8 is frequently sitting in a loop, "listening" for keyboard characters, 
or simply doing nothing. With SRCD, the main frame is constantly engaged 
in background work, helping to display characters, and l/G handling for 
interrupt servicing routines. 

DECUS No. 8-132 

STRIP: A Data Display and Analysis Program for the PDP-8, 8/1 

This program accepts paper tape data listings and displays the result on the 
disptay unit. Some elementary computations are made on the data and are 
also displayed. The program is deliberately designed to be open ended, and 
most users will want to add features peculiar to their own problem. Almost 
all functions are carried out in subroutine form; these subroutines can be 
called either from the keyboard or within another subroutine. 

DECUS No. 8-133 
First Order Kinetics 

First order kinetic processes are common in chemistry and in other areas. 
This program accepts up to 42 data points, calculates the rate constant and 
intercept by the method of least squares, and give the rms deviation, the 
correlation coefficient, and an estimate of the error in slope. It permits 
graphical (CRT) examination of deviations from the least squares line and 
iteration to a "best" infinity value. It also provides options for plotting the 
deviation between observed and calculated quantities on a CRT and may be 
used in other cases in which one wishes to correlate the natural logarithm 
of one quantity with another, as in linear free-energy relationships. 

Source Language: MACRO-8 

Storage Requirement: The program occupies essentially all of core. 

DECUS No. 8-134 

LSQ: Least Squares Subroutine 

The subroutine calculates the slope and intercept for the equation y, + 
mxi = b by the method of least squares. It also returns the rms deviation of 
y, the correlation coefficient and an estimate of the error in the slope. The 
calculated values of Y and the differences between the given and calculated 
values are also available on return from the subroutine. 
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other Programs Needed: FLOAT, floating point interpreter 

"0" — (Digital 08-YQYA) 

Source Language: MACRO-8 

Storage Requirement: 1.5 pages plus page locations 

DECUS No. 8-135 * 

DNHELP: Directory Assistor Progrann 

DNHELP is a four-page disk utility program that may reside in core with 
DIREC (DECUS No. 8-110) and DISLOOK (DECUS No. 8-111). It is designed to 
assist programmers in investigating the contents of the DN and SAM blocks 
on the disk under the DEC Disk Monitor System. 

Minimum Hardware: PDP-8 with DF32 Disk or TCOl DECtape. 

Other Programs Needed: System Monitor Head — DEC Disk (Tape) 

Monitor System and SYSIO. 

Storage Requirement: 5000-5777, Buffer from 7400-7577 

DECUS No. 8-136 

Fourier Transform Program in FORTRAN li 

The program, written in PDP-8 FORTRAN II, performs the discrete Fourier 
Transform of a function defined over N(N>220) evenly spaced points. I/O 
is via the ASR33. The program requests the number of function points, then 
that number of function values, and then prints out the values of the sine 
and cosine components at the function of each defined harmonic. A conven- 
tional (not Cooley-Tukey) algorithm is used since I/O time relative to com- 
puting time is significant. 

DECUS No. 8-137 

Programs for Storage, Manipulation and Calculation for Data Using DECtape 

These programs use DECtape for the storage of data files. Once data has been 
stored oh DECtape, the statistical or calculation programs will operate on par- 
ticular parts of it selected by the user. All programs are conversant. They ask 
questions regarding execution and accept answers via the Teletype. 

DATRIT is a program to write data on DECtape directly from the ASR33. 
Numerical data is stored on DECtape in floating point format. 

EDATA is a program to edit data files created on DECtape by DATRIT. 

SDT is a program to calculate mean and standard deviation from data files 
stored on DECtape. 

FORT calculates an analysis of variance table similar to DECUS No. 5/8-9 
using data files stored on DECtape. 

COVAR calculates the necessary values for an analysis of covariance from 
data files stored on DECtape. The paired input consists of matching files of 
X and y data. 

LCOVAR is a semilogarithmic version of COVAR. y values are converted to 
log y before calculation so that each "Y" in the output format means log y. 
This program is useful for semilogarithmic regression analysis. 
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TPAIR performs a paired T test on data files stored on DECtape. The input 
consists of paired files of x and y data. 

BCALC enables the user to perform calculations using data files on DECtape as 
variables in the calculation. Results of the calculation are stored on DECtape. 
BCALC is a master program for handling the data files. The user must supply 
a floating point program, which is called by BCALC as a subroutine, for each 
specific calculation. 

LCALC enables the user to perform calculations from data stored on DECtape 
using specific lines of a file as variables in the calculations. The result of the 
calculation may be stored on one line of the same file or on a different file. 
LCALC is similar to BCALC. 

SUBS is a package of four subroutines used by most of these programs. SUBS 
contains s'\X pointers on page zero and subroutines in the area from 4000 
to 7577. 

These subroutines are: 

MESSAGE Type packed text 

UNFLOAT Unfloat floating point numbers 

RWTAPE Read and write DECtape 

FPOINT Floating point output controller 

FLEX is an extended version of Floating Point which lacks the Output Con- 
troller. It is used to overlay the FPOINT section of SUBS in the programs which 
use extended Floating Point. 

DECUS No. 8-138 
PAL III.5 

PAL III.5 features several modes making pass 3 output more legible. The Ime 
number feature makes subsequent editing significantly easier. With the excep- 
tion of SR bit 2, normal operating instructions apply. The tapes are complete 
(not an overlay to PAL 111). 

DECUS No. 8-139 

Editor - 

This editor is a program which adheres fairly closely to DEC traditions in the 
area of text editors with major exceptions, such as line members, line specifi- 
cation, buffer capacity, and availability. 

Storage Requirement: 08-25078 

DECUS No. 8-140 
Binary Tape Consolidator 

The Binary Tape Consolidator is an extremely useful system-generation tool. 
It will make a single tape from any number of smaller ones and may be used 
for duplicating tapes. 

DECUS No. 8-141 
SYSLUK 

SYSLUK is a four-page utility program for examining and modifying blocks on 
the system I/O device; i.e., DF32 Disk orTCOl DECtape. Its operation is inde- 
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pendent of which monitor head is resident, provided either is there. The user 
has the facility to examine and modify locations and to perform masked 
searches. 

Minimum Hardware: PDP-8with DF32 DiskorTCOl DECtape 

Other Programs Needed: SYSIO — "system device" routine for DEC 

Disk (Tape) Monitor System 

Source Language: MACRO-8 

Storage Requirement: 200-1177 (buffer from 7377-7577) 

DECUS No. 8-142 

Binary Punch — Extended Memory 

This program is a revision of Digital 8-5-U Binary Punch which allows for 
extended memory. Tapes produced may be loaded by Digital 8-2-U Binary 
Loader. 

Source Language: MACRO-8 

Storage Requirement: 7600-7730 

DECUS No. 8-143 

FFTS-R: Fast Fourier Transform Subroutine for Real Valued Functions 

This subroutine computes the Fast Fourier Transform (FFT) or its inverse of 
a data sequence which has been stored in core. It will accommodate up to 
2048 time samples and will transform that number in under 5 seconds. 

Minimum Hardware: PDP-8 or 8/1 with EAE 

Source Language: PAL 

Storage Requirement: 3-7, 20-107, 400-6401 

DECUS No. 8-144 

FFTS-C: Fast Fourier Transform Subroutine for Complex Data 

FFTS-C enables computation of the discrete Fourier transformation in a mini- 
mum amount of time. By using the Cooley-Tukey algorithm, up to 1024 points 
may be transformed in only 4.5 seconds, introducing a reduction of 99 percent 
in computation time. 

Minimum Hardware: PDP-8 or PDP-8/1 

Source Language: PAL III 

Storage Requirement: 3-7, 20-55, 400-5777 

DECUS No. 8-145 

A Time-of-Flight Analyzer Based on a Small On-line Computer 

This program enables the computer to interact with the TOF-converter and to 
generate spectrum displays on an oscilloscope. The TOF Converter provides 
the computer with digital information about the time a neutron takes to travel 
from the scattering sample to a detector (up to 12 detectors can be accom- 
modated) and which detector was involved. 

The TOF analyzer for which this program was written is in use with a double 
chopper facility installed at the ISPRA-I reactor. It consists of a PDP-8 on-line 
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computer with 4K memory, the automatic restart option, and a display unit; 
a TOF Converter; and conventional counting electronics. 

DECUS No. 8-146 

High Speed Interrupt Executive 

These routines are designed to handle the priority scheduling of up to 12 
interruptable devices. Each I/O device is assigned a priority level, and upon 
receipt of an interrupt from that device, execution of its routine in initialized. 
If the prority of an I/O device "x" is less than that of an I/O device "y" which 
is currently being serviced, device "x" will be queued until "y" has been 
serviced. These routines allow a user to prohibit interrupts on any (or all) levels. 

Minimum Hardware: PDP-8 with EAE 

Source Language: MACRO-S 

Storage Requirement: Three memory pages 

DECUS No. 8-147 

Incremental Plotter Printout Subroutines 

A group of subroutines providing character-output facilities for the incremental 
plotter is presented as a package. Virtually all the ASCII characters may be 
printed in any of 8 formats and 63 sizes. One routine sets a control code to 
determine the size and orientation of the characters and the direction the line 
is to run, another prints out a string of characters according to this code, a 
third prints just one character held in AC 6-11, and a fourth routine prints the 
signed decimal equivalent of the contents of the accumulator. 

Minimum Hardware: PDP-8, Type 350 Plotter and Control 

Source Language: Digital 8-12-U "Incremental Plotter Subroutine 

Storage Requirement: Five memory pages (1177 locations) 

DECUS No. 8-148 
Plotter System 

This is a generalized plotting system for the CalComp Plotter allowing "plot 
time" modification of the data. The main program tape accepts all plotting 
commands and data from the Teletype. Patch tape #1 modifies the system to 
a high-speed reader. Patch tape #2 modifies all input through the high-speed 
reader. 

Minimum Hardware: PDP-8, CalComp Plotter, and High-Speed Reader 

Source Language: MACRO-8 

Storage Requirement: Five memory pages (1177 locations) 

DECUS No. 8-149 
Core Window 

The 34D Scope displays the octal contents of any 64 consecutive core loca- 
tions, beginning at the address set in the Switch Register and Data Field 
switches (if Extended Memory is used). There are 16 lines, each with an 
address plus four memory words. A special character generator program 
refreshes the display 1 1 times per second. 

Minimum Hardware: PDP-8, 34D Scope 
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Source Language: MACRO-8 

Storage Requirement: 15; 72408-75738 

DECUS No. 8-150 

PT0D8 High and PT0D8 Low 

PTOPS (PTT Trace and Octal On-Line Debugging Program for the PDP-8, is a 
means to debug a running users program. It features register examination and 
modification, multiple breakpoints (traps), memory protection of a chosen 
block, word search (masked or not masked), tracing a running users program 
(gives a full printout of consequently executed instructions), interrupt proof, 
and also features binary tape punching (automatic leader-trailer code and 
checksum). 

Storage Requirement: PT0D8 requires 13438 registers 

PT0D8 HIGH: 62008-75438, 
PT0D8 LOW: 2008-15438 

DECUS No. 8-151 
OnUne TIC-TAC-TOE 

This program plays the game of TIC-TAC-TOE with the user. By means of a 
previously stored algorithm, it selects the best move for any given situation. 
Conversation and ultimate defeat is via the Teletype. 

Source Language: PAL 

DECUS No. 8-152 
PDP-8 Music Program 

The coding program allows the user to type a song on the Teletype and produce 
a coded binary tape of that song. It accepts musical information in a form 
more compatible with ordinary sheet music and converts it to a coding scheme. 
The playing program plays the song "Penny Lane" via the coding program 
with the use of a power amplifier and speaker. 

Minimum Hardware: PDP-8 with D/A Converter, Power Amplifier and Speaker 

Source Language: PAL !!! 

Restrictions: 65778 notes 

DECUS No. 8-153 
Tape/Disk Transfer Programs 

This series of programs was written to create and recall disk images on mag- 
netic tape. They were written initially to facilitate rebuilding the disk system 
in the event of an accidential or deliberate wipe out. The usefulness of the 
DF32 was significantly enhanced by the ability to store and easily recall a 
number of different disk images. A single reel of DECtape can hold up to five 
complete images, each of which occupies 4008 blocks. 

Minimum Hardware: PDP-8 with DF32 Disk and TCOl DECtape 

Source Language: PAL III 

DECUS No. 8-154 
SWAP 

Using self-contained I/O, SWAP may be employed to load the disk from or 
dump the disk onto DECtape. It is faster and more versatile than the Disk 
to DECtape FAILSAFE. 
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storage Requirement: PDP-8 with DF32 and TCOl DECtape 

Minimum Hardware: "PDPMAP" (similar to PAL) 

Source Language: eOOg to 42008 buffer 

DECUS No. 8-155 
HEP 

HEP is a program wiiicli gives calculating machine type operation and stored 
program operation. It is based on Floating Point Package (DEC-8-5-S-D) and 
Floating Point Controller (DECUS No. 8-44). Calculations have an accuracy of 
just over six decimal digits and printout is routined to six decimal digits. It 
includes facilities for format control, program control and tests, subroutines, 
and an array of variables. Although it was designed mainly for quick results 
from small calculations, it also has facilities and, space for quite large and 
eliborate programs. Note, HEPTRACE, DECUS No. 8-156. 

Minimum Hardware: PDP-8 with Teleprinter 

Storage Requirement: 00038-75778 

DECUS No. 8-156 
HEPTRACE 

This program is used in conjunction with HEP (DECUS No. 8-155) to give trace 
and one shot facility during the execution of HEP programs. 

DECUS No. 8-157 

Square Root Patch for DEC-8-5-S 

This program is a patch to the standard SQRT routine (DEC-8-5-S). It is a 
shorter and faster way of giving exact roots of exact squares. 

Storage Requirement: 66568-67478 

DECUS No. 8-158 
AX08 Symbol Generator 

This subroutine may be called to display single characters of a string of char- 
acters on the oscilloscope of an AX08 (LAB-8) system. Sixty different symbols, 
in addition to four special "format" codes, are provided by the routine. Soft- 
ware control of character scaling and "margins" on the display is provided. 

Minimum Hardware: LAB-8 with oscilloscope 

Source Language: PAL 

Storage Requirement: 223 lo locations 

DECUS No. 8-159 
CINET-BASIC 

This interpretive compiler was patterned after Dartmouth's BASIC. It was 
built by rnodifying DEC's FOCAL, and uses many of the same subroutines and/ 
or methods. Error messages are given in terms of an error number and line 
number. 

Storage Requirement: Main program locations 0000-3252 and 4600-7600 

and user's code from 3252 on. 

Minimum Hardware: A PDP-8 with 4K and ASR-33 
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DECUS No. S-i60 
FASTLOAD 

FASTLOAD is a rrTinimal bootstrap loader for the PDP-8 requiring only eight 
instructions to load in the upper page of memory. 

DECUS No. 8-161 

EXPO: A Flexible PDP-8 Data Acquisition Program 

EXPO is a PDP-8 program which reads various kinds of data from experimental 
apparatus, optionally logs data on magnetic tape, and accumulates one- or two- 
dimensional histograms of selected variables. These histograms may be dis- 
played on the Teletype or scope, simultaneous with data acquisition. From 
the keyboard the user defines what variables are to be histogrammed and 
under what conditions: variable names are symbolic and numerical parameters 
are decimal. Also from the keyboard, the user may call for Teletype or scope 
output with some control of format. Because of its flexible user-oriented input- 
output, EXPO has proven to be very useful in debugging and utilizing complex 
apparatus in a high-energy physics experiment; it is likely to be useful in 
similar experimental situations in science or engineering. The write-up includes 
a useful general discussion of interrupt handling on the PDP-8. 



Minimum Hardware: 4K PDP-8 with EAE, Magtape, Scope Display, and 

Plotter optional 

Source Language: LRL Assembler (DECUS No. 5-13) on cards 

Storage Requirement: 0-7177 if ail options used 

DECUS No. 8-162 

Demonstration Programs for the PDP-8 

1. Fran the Barmaid — Focal 

2. World War 1 — Snoopy 

■3 Dr\D.Q hUxi-ir- 

A N'ight Watchman's Clock 

5. Matching Pennies 

6. Hangman Game — Focal 

DECUS No. 8-163 
FOCAL Routines 

Most FOCAL programs listed here are distributed in write-up form. Some are 
available with paper tape. Please refer to numerical index for specifics. 

a. Mathematics 

Square Matrix Multiply 

Least Common Multiply 

Base to Base Integer Conversion 

Prrnie Number Generator 

Repeating Decimal Program 

Nth Degree Polynomial Data Point Fitting Routine 

Nth Degree Polynomial Data Point Fitting Routine with RMS Error 

Simultaneous Equations 

Abbreviated Simultaneous Equations 

Curve Fittings 
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Root Finder Program 

Determinot Program - • 

Prime Plots 

Rectangular to Polar Conversion 

Polar to Rectangular Conversion 

b. Plot 

One Line Routines- 
X3 and Circle 
Superposition 
Circle 

c. Education 

Sine 

Factors 

Figure Eight 

Right Triangle Solution 

d. Engineering 

Column Width 

Traverse - 

Least Square "Linear" Fit 

Nozzle Weight Flow 

Filter Design 

OHM'S Law 

Second Order Differential Equations 

— Y Transforms for Complex Numbers 

Y — Transforms for Complex Numbers ' 
Series Resonant 
Circuit Analysis 

e. Accounting 

Payroll Calculations 

Grades: A Grade Averaging and Display Program 

f. Statistics 

One-Sample Statistics: Two-Sample: Welch Procedure 

One-way Analysis of Variance 

Sheffe's Contrast Between Means 

Strip FOCAL: A Data Display and Storage Routine 

g. Physics 

Monte Carlo Solution to Neutron Penetration Problem 
Multipulse 
Multipulse-2 

Least Squares Fit to an Exponential 
h. Oceanography 

Seismic Refraction Sloping Layer Program 

DECUS No. 8-164 

Prime Number Determination . 

This program, types out by successive division all previously determined primes 
which are less than or equat to square roots of the numbers being evaluated. 
Short additional programs cause additional typeout of all nonprime numbers 
as a product of the integer. 

Other Programs Needed: Floating Point Interpretive Package (DEC-8-5-S) 

Storage Requirement: 4K 
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DECUS No. 8-165 

The PDP-8 Simulator System for Phiico 212 

A program has been developed which provides the facility to simulate the 
operation of a PDP-8 computer within a Phiico 212 computer. The system 
includes the ability to assemble PDP-8 programs in assembly language, 
produce paper tapes suitable for running on a PDP-8 and to simulate the 
execution of a PDP-8 program completely within the Phiico 212. The simula- 
tion facility should be of use to people who are anticipating the delivery 
of a PDP-8 computer, and who wish to do program development before its 
arrival. The simulator portion is written in Phiico 212 assembly language 
(it is not 211 compatible), and the remainder of the system is written in 
the MAD language. 

Write-up only available. 

DECUS No. 8-166 

Interim Technical Report — PDPMAP Assembler for IBM 7040 

This report describes the PDPMAP Assembly System which is used to assemble 
symbolic programs written for a PDP-8 or DEC-338 with up to 16K memory 
locations. The system is implemented at the University of Pennsylvania on 
an IBM 7040 and DEC PDP-8 connected by a high-speed data channel (IBM 
7904 and DEC DM03). The PDPMAP System uses the powerful assembler 
of a large computer (IBM 7040 MAP Assembler) to quickly assemble programs 
for a small computer. 

Report only available. 

DECUS No. 8-167 
CIRCUITS 

CIRCUITS is a program which enables electronics circuits to be drawn using 
the DEC-338 Display system. The compute circuit can be stored on paper 
tape and read in for future modifications. 

Minimum Hardware: A PDP-8 with 338 Display, Teletype, High Speed Reader 

and Pimrh, and Character Genfiratnr 

i>c.uuo i^u. o-.too 

CalComp Plotting Package 

This package is a series of subroutines designed to be used with the CalComp 

and PDP-8. The subroutines are: 

PLOTX — a modified 8-12-U, genera! move routine 

ALPHA — alphanumeric packed string plotting 

DLTR — an 8-bit ASCII letter drawer 

AXIS — an axis drawing routine 

NUMBER — a signed 11-bit binary number output routine 

DSYM — centered symbol drawing routine 

LINE — vector plotting routine 

This package is issued only on DECtape. 

Minimum Hardware: A PDP-8 computer with DECtape 3508 Interface and 

CalComp Model 565 Digital Plotter with a step size of 
0.01 inches. 
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DECUS No. 8-169 ^ ^^ „^_ „ .... 

Physical Oceanography Data Reduction Program for the PDP-8 (II) 

This system gives the capability of automating and improving handling and 

processing of oceanographic data at sea. 

It presents an oceanographic data processing system for "/e at &ea °nj 
small computer with a basic configuration of 4K memory, ASR33 Teletype, 
high-speed paper tape reader/punch and a 31 inch CalComp Plotter. 

(1) to increase the speed, ease and accuracy of the data reduction at sea. 

(2) to give quality control on the original data. This allows malfunctioning 
instruments to be quickly detected so that appropriate action may be 

(3) to calculate various parameters which are used by the oceanographer 
The manual calculation of these parameters is not practical because of 
their complexity. ^ i 

(4) to digitize the data suitable for transfer to a larger and more powerful 
short-based system. 

This PDP-8 oceanographic data processing system is capable of accepting 
pressure, temperature, salinity, oxygen and silicate as measured Parameters 
It is usual to have the information necessary to calculate the pressure and 
temperature shortly after the completion of an oceanographic station. However, 
it is not possible to complete the determination of the chemistry (salinity, 
oxygen and silicate) until several hours later. Hence, the data input to the 
system is divided into two parts. The first basic input contains the information 
from the 'deck sheet' which is used to calculate the corrected temperatures 
and observed pressures. A least square polynominal is fitted to the observed 
pressures to give a final pressure at each sampling depth. At this point a 
Plot of temperature vs. pressure may be obtained. To continue processing, it 
is necessary to have the chemistry data which constitutes the second basic 
input to the system. For each station the chemistry data are combined with the 
pressures and corrected temperatures. From these data the depth, specific 
voJume anomaly, potential temperature and density anomalies are calculated. 

Certain approximations were made in the system because of the limited core 
memory and to simplify the programming. However, in all cases sufficient 
accuracy has been retained to ensure meaningful results. 

The following routines are included: 

Temperature Formatting 

Additions to Floating Point Package 

Pack Thermometer Calibration 

Pressure Curve Fit 

Final Pass 

DHUN 

PLOPRM 

Distance and Bearing 

Formatting of Chemistry 

Department PLOTCO 

DECUS No. 8-170 

FORTRAN Source Conversion Program 

This program will allow the user to convert FORTRAN source programs 
written for DEC-08-AFC1 (FORTRAN Compiler, Old Version) to the new format, 
FORTRAN (DEC-08-AFC1-PB). 
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DECUS No. 8-171 

Real-Time System for Behavioral Science Experiments 

This program controls the operations of ten behavioral chambers using four 
classical experimental designs; Punishment Discrimination (PD), Non-discrimi- 
nated Avoidance (NDA), Fixed Ratio (FR), and Differential Rate of Low 
Response (DRL). Besides controlling the experiments, certain statistics are 
accumulated during the experiments for printout at the end of each test run. 

Write-up only available. 

Minimum Hardware: PDP-8 with an ASR33; requires a special interface 

between computer and behavioral equipment. 

Storage Requirement: 4K 

DECUS No. 8-172 
Octal Systems Edit 

Octal System Edit allows advanced users to perform direct octal editing of 
the information on their systems device. It makes block format compatible 
with system blocks. All editing is via the Teletype; commands allow reading, 
writing, and moving blocks; listing, changing, and punching individual words 
in block. 

Minimum Hardware: PDP-8, 8/1, 8/S with DF32 or TC01/TU55 

Other Programs Needed: Disk/DECtape monitor (DEC-D8-SBAC-PB) 

Source Language: PAL-D 

Storage Requirement: 2008-11778 (may be reassembled into any 4 pages) 

Restrictions: Requires that Monitor Head be present in 76008- 

77798 

DECUS No. 8-173 

TIC 5/8 (Scope Version) 

TIC 5/8 olavs a fast pamp nf Tin-TAr;-TnF nn tho Hicnia^i c^r,r.Q xh^ „,^^..^.^ 
can be reset to a learning configuration by hitting two keys on the Teietvoe. 
and will begin to learn winning strategies from each game it loses until 
it has become a master player again. The program makes use of the program 
internint farilitu 3nH malfoc norocccn->» /^honnQe */-.!■ ^ orio c ^.. ono o 

Minimum Hardware: PDP-5/8 family and 34D scope 

Source Language: LRL PDP Assembly Language 

Storage Requirements 1-3 and 41-3000 

Restrictions: Should not be copied after use. Execution time 

excludes use on PDP-8/S. All program interrupt 
flags must be cleared for use (room is provided) 

DECUS No. 8-174 
Medium 

Medium is a demonstration program for use on the PDP-5 or PDP-8 family. 
Messages typed on the Teletype are displayed on the scope, advancing 
across the screen from right to left similar to the Times Square' News Sign. 

Minimum Hardware: PDP-5 or PDP-8 family with 34D or VC8/I Scope. 
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Source Language: 
Storage Requirement: 



LRL PDP-5 Assembly Language 
418-15008 



DECUS No. 8-175 

Post Stimulus Interval Histogram for AX08 

This program, using tiie Schmitt triggers, generates a post stimulus intervaf 

histogram for one channel. 



Minimum Hardware: 
Other Programs Needed: 
Restrictions: 



LAB-8 

LAB-8 compiler 

Maximum count per interval is 4095 lo 
Maximum numberof epochs is 4095 id 
Maximum numberof intervals is 3456 lo 



DECUS No. 8-176 
PAL CHOP 

PAL CHOP produces minimum-length copies of PAL source tapes by removing 
all comments, tabs, multiple spaces, and multiple carriage-return line-feeds. 
It is especially useful in facilitating the handling and storage of sections of 
extremely large programs which have been debugged. 



Minimum Hardware: 

Source Language: 
Storage Requirement: 

Execution Time: 



PDP-5, PDP-8, 8/1, 8/L and ASR33. High-speed 
reader and punch optional. 

PAL-D 

Program occupies 108-3668; uses 4008-11778 as 
buffer 

I/O limited 



DECUS No. 8-177 
COPY 

COPY is an extension of PIP. Its purpose is to copy disk files onto paper 
tape and vice versa. COPY'S major advantage is that it saves time in putting 
files on and off the disk. This can be very useful for those with one disk and 
limited space. 



Minimum Hardware: 
Other Programs Needed: 

Source Language: 
Storage Requirement: 



PDP-8, 8/1 or 8/S with disk and Teletype 

Disk Monitor I/O routine in core and command 
decoder stored on disk starting in block 15. 



PAL-D 

0-27778: only 0-14748 for program 



rest buffers 



DECUS No. 8-178 
Reverse Assembler 

The Reverse Assembler accepts a paper tape in binary format and produces 
either a printed listing or a paper tape that is acceptable to the PAL Assembler 
as a symbolic tape. It produces the mnemonics for almost all input/output 
devices as well as PAL III and Floating Point instructions. 



Minimum Hardware: 



PDP-8 with ASR33 
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Source Language: PAL IN 

Storage Requirement: 0-54008 

Execution Time: input/output limited two-five seconds for ASR33 

per line. 

DECUS No. 8-179 

EAE Modifications for Binary Disassembler with Symbols 

This patch permits use of the Binary Disassembler with Symbols, (DECUS 
No. 5/8-18C) by users without EAE. The patch shortens the space for the 
cross reference table by approximately one page, and changes allEAE instruc- 
tions to JMSs to routine which take their place. The patch also changes the 
octal type routine to make space for links on page zero. 

Minimum Hardware: PDP-8 with 4K, ASR33, High-speed reader 

Other Programs Needed: Binary Disassembler with Symbols (DECUS No 

5/8-18C) 

DECUS No. 8-180 

Editor and Assembler for 57A Magnetic Tape System 

The Symbolic Editor and MACRO-8 Assembler have been modified to replace 
paper tape with IBM-compatible magnetic tape for more rapid and convenient 
program development. The system requires an 8K PDP-8 and a 57A Tape 
Control with one transport. 

The Editor reads and writes ASCII text in a file on magnetic tape. Text is 
stored in pages which may be individually accessed by Teletype commands. 
All the original operations are retained, including paper tape I/O. 

MACRO-8 assembles the text file, completing all three passes before halting. 
Binary output is on high or low speed paper tape. The symbol table and 
Pass 3 listing are on a line printer. 

A third program moves pages of text from one area of tape to another when- 



A 4-1-.: 

•-;><>f4|f:,r>^ an.H rescci;rr:h|„ _,., 



a\lav roaAl + ir^r^ ^^M . _ 



Minimum Hardware: PDP-8, 8K memory, ASR33, 57A Magnetic Tape 

Other Programs Needed: Symbolic Editor (DEC-08-ESAB) High-speed 

MACRO-8 (DEC-8-8-S) 
Storage Requirement: Fields and 1; locations 0-7577 

Source Language: MACRO-8 

Restrictions: The 57A needs modification for Extended Memory 

operations 

DECUS No. 8-181 

Automatic Binary Loader and Duplicator-Coder for Auto Bin 

Automatic Binary Loader will automatically start tapes it has loaded into core 
in any memory field. 

The Duplicator-Coder for Auto Bin computes checksums and notifies the 
operator of an error. It will select the correct input/output devices to be used 
It can also be used to format the tapes for the Automatic Binary Loader 
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Minimum Hardware: Basic PDP-8 

Source Language: PAL 

Storage Requirement: Automatic Binary Loader (76008-77548) 

Duplicator-Coder for Auto Bin (00108-04318) 

Restrictions: These programs will not load tapes formatted for 

automatic memory extensions control; (i.e., chan- 
nel 8 punched). Both programs will indicate a 
checksum error. 

DECUS No. 8-182 
Memory Compare 

Memory Compare resides in page 358 of either field. It compares contents of 
similar addresses in pages OtSSs of both fields and outputs any differences 
detected. 

Minimum Hardware: PDP-8 with extended memory 

Source Language: PAL-D 

Storage Requirement: 1 page 



DECUS No. 8-183 
The WANG Loader 

The WANG Loader will load any program that ends at location 7777. The 
program consists of 8 instructions that are loaded via the toggle switches, 
and a tape that will boot-in the BIN and RIM loaders. 

Minimum Hardware: PDP-8 with ASR33 

DECUS No. 8-184 
Page Routine 

This program will arrange listings in page lengths and sequentially number 
the pages. 

Minimum Hardware: PDP-8 with ASR33 

Source Language: PAL III 

Storage Requirement: Approximately 2008 words 

Restrictions: Maximum of 99 pages per listing 

DECUS No. 8-185 

Modifications to Symbolic Editor and Symbolic Tape Format Generator 

The modifications to Symbolic Editor (DEC-08-ESAB) are: 2008 code becomes 
a valid character which can be stored or generated; T and F output 2008 code; 
all three punching commands, T, F and P are followed by halts to enable the 
punch to be turned on; T also halts after punching trailer. These changes 
simplify editing of tapes which contains sections of text or data separated by 
lengths of leader/trailer. 

The modified Format Generator produces a symbolic format which saves 
tape, editor buffer space and Teletype time. 

Minimum Hardware: PDP-8 
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other Programs N'eeded: Symbolic Editor (DEC-08-ESAB) and 

Symbolic Tape Format Generator (Digital 8-21) 

Source Language: PAL III 

DECUS No. 8-186 

EAE FORTRAN Patch for the PDP-8 

This patch to the PDP-8 FORTRAN Operating System utilizes the extended 
arithmetic unit option (Type 182 EAE). Four arithmetic routines were rewritten: 
alignment, normalize, n^ultiply and divide. The reducton in excution time 
is rather significant. 

Another improvement besides the faster execution time was gained with EAE 
FORTRAN. Since the multiply routine calculates a full 48-bit product and 
rounds instead of truncates to 24 bits, an increase in significance of the 
product was noted. 

These modifications work with the FORTRAN Operating System of March 2. 
1967, They have not been tested with any other version, but would probably 
work. No changes must be made in operating procedure or any other portion 
of the program, as this modification loads over the regular arithmetic sub- 
routines. 
Minimum Hardware: PDP-8 with Type 182 EAE 

Other Programs Needed: FORTRAN Operating System (DEC-08-AFCO) 

Source Language: FORTRAN 

DECUS No. 8-187 

Keyboard Controlled Binary Punch 

This program makes binary tape copies of selected areas of core. It is entirely 
keyboard controlled, and has provisions for punching leader, data, checksums 
and field marks for extended memory programming. 

Minimum HarHwarp- PnP-8 Hiph-Rnppri Piirrrh and Fytpndpd Mpmnrv 

(optional) 

Source Language: PAL-D 

Storage Requirement; 1 page (versions included occupy 1, 36 and 37). 

DECUS No. 8-188 

Patch to Utilize Four Word Floating Point Package (DEC-08-FMHA-8B) 

This patch will allow the DEC Floating Point Package to be entered from any 
memory bank if the arguments and operands processed by the Floating Point 
Routine ail reside in the same memory bank from which the package is called. 
The patch uses only free locations within the package. 

Other Programs Needed: Floating Point Package (DEC-08-FMHA-8B) 

DECUS No. 8-189 

LKDN: Look into the Directory Nam^ Block 

LKDN: will find the appropriate directory name entry when given the file 
name. It will decode and type out the contents of the entry. The output gives 
the disk location of the directory entry (in xxx. yyy form, see DISKLOOK 
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gives the disk location of the directory entry (in xxx.yyy form, see DISKLOOK 
DECUS No. 8-111) and also the option of the disk block locations for each 
core page stored. 

Minimum Hardware: PDP-8 with DF32 Disk 

Other Programs Needed: Disk Operating System (DEC-08-SDAA) 

Source Language: PAL-D 

Storage Requirement: Program — locations 128 and 208-13778 

Buffer — locations 14008 ■ 17778 
If stored on disk, the program requires 6 blocks; it 
can be saved with the command "SAVE LKDN! 
0-1377; 200." 

DECUS No. 8-190 
PATCH Utility Program 

This program, a utility routine, allows duplicating and updating of DECtape 
files of any PDP-8 TCOl forniat. It is derived from a combination of ODT 
(DEC-08-COBO-D) and XDUP (DECUS No. 5/8-64). The user should be familiar 
with the operation of both of these programs. 

Minimum Hardware: PDP-8 with TCOl Control 

DECUS No. 8-191 
FIELDS 

FIELDS, a demonstration program, calculates and displays the surface poten- 
tial of a given boundary conditional plane. Each output facility is called by a 
338 Display pushbutton giving a numerical and/or pictorial result. 

Minimum Hardware: PDP-8 with High-Speed punch, ASR33 Teletype and 

338 Display 

Storage Requirement: BK 

DECUS No. 8-192 

T.A.L.C. (Taylor's Algebraic Linear Calculator) 

T.A.L.C. is a general-purpose calculator designed to evaluate a general alge- 
braic equation, given all quantities involved in the equation. In effect, T.A.L.C. 
turns any of the "family-of-eight computers into a powerful desk calculator 
capable of evaluating complex algebraic, trigonometric, and logarithmic func- 
tions. In addition, T.A.L.C. utilizes the concept of "idiot-proofing" to virtually 
eliminate the possibility of an operator error invalidating the equation. Thus, 
T.A.L.C. is easy to use and presents unlimited possibilities in any field where 
fast and accurate calculations are required. 

Minimum Hardware: 4K PDP-8, High-Speed Reader, DF32 Disk File and 

ASR33/35 

Other Programs Needed: Floating Point Package (Digital-8-5-S) 

Storage Requirement: 4K 

Source Language: PAL III 

DECUS No. 8-193 
DISP 

DISP provides a simple means of using the 34D Display with FORTRAN-D. 

353 



it aiiows the operator to dispiay varying numbers of points with movable 
X and Y axes. 

IVIinimum Hardware: 4K PDP-8 witli DF32 Disk 

Otiier Programs Needed: FORTRAN-D Compiler (DEC-08-AFC0) 

Source Language: PAL-D 

Storage Requirement: 600-7778, 7400-75778 

Restrictions: Destroys FORTRAN-D disk read/write option (e.g., 

Read 3, 10) 

DECUS No. 8-194 
NMR Simulator 

NIVIR Simulator is designed to calculate the theoretical spectrum of compounds 
containing hydrogen, florine, carbon-13 and other nuclei of spin 112. The 
calculated theoretical spectrum is displayed on an oscilloscope. 

Options for punched and typewritten output, change in X-axis offset (sweep 
offset) and spectrum resolution are available. Chemical shifts and coupling 
constant parameters may be varied successively until the displayed spectrum 
matches that obtained experimentally. Redisplay of a "library" of theoretical 
spectra is possible by retaining punched output tapes. 

Minimum Hardware: 8K PDP-8, Oscilloscope, and High-Speed Reader 

Punch 

Source Language: PAL III 

Storage Requirement: 8K 

Execution Time: 1 second to 15 minutes 

DECUS No. 8-195 
POLY BASIC 



■sif^i %0 t-*i«^HP,*«k * 



ruLT Drtoiu IS a compner ana operating stana-aiong system aesignea lor tne 

t— i_fr-'-i~» ii^iiitiu II II.4C >i iiii>-ii I i<*bF«t tirtivjt>4 lit ^,t fit ^SJ9^ iii -s>^r\ r'ii#-ii>4('ifrC itf uui i ii 1 1 

the disk is utilized. Some of the features of the compiler are: 

b. It has all BASIC operations 

c. It contains ail built-in functions except TAN 

d. Its accuracy is 1 part in 223 rather than 1 part in 2^^, because of word 
size difference 

e. Maximum program size is 6144 characters as in regular (Dartmouth) 
BASIC 

f. Maximum usable statement number is 4095 rather than 9999 

g. Maximum array space is 3600 characters, and maximum number of 
statements is 330; however, these can be traded off against one another 
at the rate of 25 array elements pe* statement 

h. There are no matrix operations 

i. The argument "EDIT" renumbers the user file from line number 100 
in steps of 10 

j. There is a set of error messages to sigpal compilation errors and a set for 
execution errors. 
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Minimum Hardware; PDP-8 witii ASR33 Teletype and DF32 Disk 

DECUS No. 8-196 
DET: Detect Key Words 

DET will detect a key word or words from any sentence that is typed via the 
Teletype. This program contains "spell", a routine that will check the spelling 
of the names of all the United States. 

DECUS No. 8-197 

Overlay for Standard Editor and PAL III Assembler 

This overlay enables the user of the Editor (DEC-08-ESAB) and the PAL III 
Assembler (DEC-08-ASAC) to save approximately half the time required when 
using the ASR33/35. This patch has proven to be a time saver wheadebugging 
is necessary. 

Minimum Hardware: PDP-8 with 8K 

Other Programs Needed: Editor (DEC-08-ESAB) and PAL III (DEC-08-ASAC) 

DECUS No. 8-198 

SYSHLP: Monitor System Utility Program 

SYSHLP is a combined version of DNHELP (DECUS No. 8-135) and SYSLUK 

(DECUS No. 8-141). Besides more convenient alteration between the two 

programs, SYSHLP features improved search coding in the SYSLUK portion. 

Minimum Hardware: PDP-8 with DF32 or TCOl 

Other Programs Needed: System Monitor Head (DEC-D8-SDAA) 

Source Language: PDPMAP (DECUS No. 8-166) 

Storage Requirement: 2008-21778 

DECUS No. 8-199 

Accessing Data Arrays and Teletype Text Input/Output 

Thes two subroutines provide the user with a powerful yet concise program- 
ming methodology when used with the Floating Point Package (DEC-08-FMHA). 

The array accessing subroutine permits the user to access both fixed and 
floating point data located anywhere in the first 2K words of core storage 
regardless of page overlap. Both data storage and retrieval can be performed 
on terms analogous to single variable, subscripted FORTRAN array terms 
such as "ARRAY" (a*J±b). 

The second subroutine, TTY Text I/O, provides a concise facility for text out- 
put (63 characters), character input, line spacing and page tabulation. 

Other Programs Needed: Floating Point Package (DEC-08-FMHA) 

Source Language: PAL III 

Storage Requirement: Array Accessing — 119|o words; Teletype Text 

I/O — 56 10 words 

DECUS No. 8-200 
BOSS 

BOSS allows a series of system programs to be brought into core and executed 
m either one or any number of runs without keyboard input, otKer than the 
initial listing of programs and a- single decision input at the end of each run. 
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Minimum Hardware: PDP-8 with DF32 or DECtape 

Other Programs Needed: Disk Monitor System (DEC-08-SDAA) 

Source Language: PAL III 

Storage Requirement: 2 blocks of device (3 DECtapes) 

Restriction: File name must begin with a letter 

DECUS No. 8-201 
DECSW 

DECSW is a subroutine which accepts the contents of decimal switches at a 
remote location and converts the number into the following forms: 

a. As an insert into a BCD string which may be typed out or displayed on 
CRT screen. 

b. As a floating point number in the floating point accumulator. 

c. As the binary equivalent in the accumulator, if the number was an integer. 

Minimum Hardware: PDP-8 with Digital Switches 

DECUS No. 8-205 
MTSAFE 

MTSAFE is a TC58 version of DECUS No. 8-120, Disk/DECtape FAILSAFE. 
It is self-explanatory and incorporates additional messages for the operator 
to service the magtape. 

Minimum Hardware: PDP-8 with TC58 Magtape 

Other Programs Needed: Disk Monitor System (DEC-D8-SDAA) 

Storage Requirement: SA-0200; occupies 100-13778 and uses 1400-21778 

as buffer 

DECUS No. 8-206 
DUMP 

DUMP types out the octal contents of any 128-word block on tape or disk. 
The link (129th) word will be printed and identified. The typeout may be 
halted in the middle to proceed to the next block on the same device, to switch 
to a different block and/or device, or to return to the monitor. 

Minimum Hardware: 4K PDP-8 with DF32 Disk or TCOl DECtape 

Other Programs Needed: DECtape Operating System (DEC-08-S B) or Disk 

Operating System (DEC-08-SDAA) 

Source Language: PAL-D 

Storage Requirement: ' Location 0-1177; starting address is 1000; 2000- 

2200 is used as buffer. 

DECUS No. 8-207 
Cube Root Subroutine 

The Cube Root Subroutine is called with an effective "JMS CUBE" with the 
argument in the accumulator. The subroutine returns to the memory location 
following "JMS CUBE" with the result in the accumulator and the remainder 
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in MAGIC. The algorithm makes use of the fact that the third order difference 
of any list of consecutive cubes is always equal to 6. 

Source Language: PAL 

Storage Requirement: 27 lo locations 

DECUS No. 8-208 
Evaluating Determinant 

Evaluates determinants with the order in the range from 2 through 17. 

Other Programs Needed: FORTRAN Compiler and FORTRAN Operating Sys- 
tem 

Source Language: FORTRAN 

Storage Requirement: 4K 

Execution Time: Less than 30 seconds 

DECUS No. 8-209 
Editor-with-View 

Editor-With-View is the same as the library distributed version of the disk 
editor (DEC-D8-ESAB) with the exception of the V<View) comand addition. 
This command is exactly like the L command for the TTY, except that results 
are displayed on a storage scope via the software character generator, and 
the VD8/I or 34D scope controller. The ALTMODE key will display the next 
line of the text buffer. 

Minimum Hardware: 8K PDP-8 with VD8/I or 34D Scope 
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TABLES OF INSTRUCTIONS 
PDP-8/1 [PDP-8/L] MEMORY REFERENCE INSTRUCTIONS 



Mne- 


Opera- 


Direct 


: Addr. 


Indirect Addr. 




States 


Execu- 


States 


Execu- 


monic 


tion 


En- 


tion 


En- 


tion 


Operation 


Symbol 


Code 


tered 


Time 

(MS) 


tered 


Time 

(/.S) 





AND Y 



TAD Y 



ISZ Y 



F, E 3.0 F, D, E 4.5 Logical AND. The AND 
[3.2] [4.8] operation is performed 

between the content of 
memory location Y and 
the content of the AC. 
The result is left in the 
AC, the original content 
of the AC is lost, and 
, the content of Y is re- 

stored. Corresponding 
bits of the AC and Y 
are operated upon inde- 
pendently. 
ACj A Yj ->► ACj 

F, E 3.0 F, D, E 4.5 Two's complement add. 
[3.2] [4.8] The content of memory 

location Y is added to 
the content of the AC 
in two's complement 
arithmetic. The result of 
this addition is held in 
the AC, the original con- 
tent of the AC is lost, 

restored. If there is a 
carry from ACO, the link 
is complemented. 
AC 4- Y ^- AC 
F, E 3.0 F, D, E 4.5 Increment and skip if 
[3.2] [4.8] zero. The content of 

memory location Y is in- 
cremented by one. If 
the resultant content of 

Y equals zero, the con- 
tent of the PC is incre- 
mented and the next in- 
struction is skipped. If 
the resultant content of 

Y does not equal zero, 
the program proceeds to 
the next instruction. The 
incremented content of 

Y is restored to memory. 
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PDP-8/1 [PDP-8/L] MEMORY REFERENCE INSTRUCTIONS (cont.) 



Mne- 
monic 
Symbol 


Opera- 
tion 
Code 


Direct Addr. Indirect Addr. 


Operation 


States 
En- 
tered 


Execu- 
tion 
Time 

(i"S) 


States 
En- 
tered 


Execu- 
tion 
Time 


DCA Y 


3 


3.0 
[3.2] 


F, E 


F. D. E 


4.5 
[4.8] 


If resultant Y = 0, 
PC -f- 1 ->► PC. 

Deposit and clear AC 



JMS Y 



3.0 
[3.2] 



F, E F, D, E 



4.5 
[4.8] 



JMP Y 



1.5 
[1.6] 



F. D 



3.0 
[3.2] 



The content of the AC is 
deposited in core mem- 
ory at address Y and the 
AC is cleared. The pre- 
vious content of memory 
location Y is lost. 
AC-> Y 
0-^AC 



Jump to subroutine. The 
content of the PC is de- 
posited in core memory 
location Y and the next 
instruction is taken from 
core memory location Y 
-f- 1. 

PC -1- 1 ->► Y 
Y + 1 -^ PC 



Jump to Y. Address Y is 
set into the F€ so that 
the next instruction is 
taken from core memory 
address Y. The original 
content of the PC is lost. 
Y-> PC 
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PDP-8/! & PDP-8/L GROUP 1 OPERATE MICROINSTRUCTrONS 



Mnemonic 
Symbol 



Octal 
Code 



Sequence 



Operation 



NOP 
lAC 

RAL 

RTL 

RAR 

RTR 

CML 
CMA 

CIA 



7000 
7001 

7004 

7006 

7010 

7012 

7020 
7040 

7041 



2 
2 

2,3 



OI-i_ 




7100 


1 


CLL 


RAL 


7104 


1,4 


CLL 


RTL 


Tina 


1 /I 


CLL 


RAR 


7110 


1,4 


CLL 


RTR 


7112 


1,4 


STL 




7120 


1,2 


CLA 




7200 


1 


CLA 


lAC 


7201 


1,3 


GLK 




7204 


1,4 


CLA 


CLL 


7300 


1 


STA 




7240 


2 



No operation. Causes a 1.5 jus program delay. 

Increment .AC. The content of the .AC is incre- 
mented by one in two's complement arith- 
metic. 

Rotate AC and L left. The content of the AC 
and the L are rotated left one place. 

Rotate two places to the left. Equivalent to 
two successive RAL operations. 

Rotate AC and L right. The content of the AC 
and L are rotated right one place. 

Rotate two places to the right. Equivalent to 
two successive RAR operations. 

Complement L. 

Complement AC. The content of the AC is set 
to the one's complement of its current con- 
tent. 

Complement and increment accumulator. 
Used to form two's complement. 

Clear L. 

Shift positive number one left. 



/~>ln'.> \\^\, .^4.^4-^ 4....;.^ \~H. 

>-'icc<i iiiir\, luiaLC ivvu icii. 



Shift positive number one right. 

Clear link, rotate two right. 

Set link. The L is set to contain a binary 1. 

Clear AC. To be used alone or in OPR 1 com- 
binations. 

Set AC = 1. 

Get link. Transfer L into ACll. 

Clear AC and L. 

Set AC = -1. Each bit of -the AC is set to 
contain a 1. 
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PDP 8/1 & PDP-8/L GROUP 2 OPERATE MICROINSTRUCTIONS 



Mnemonic 
Symbol 



Octal 
Code 



Sequence 



Operation 



HLT 



7402 



OSR 



SKP 



7404 



7410 



SNL 7420 

SZL 7430 

SZA 7440 

SNA 7450 

SZA SNL 7460 

SNA SZL 7470 

SMA 7500 



SPA 



7510 



SMA SNL 7520 

SPA SZL 7530 

SMA SZA 7540 

SPA SNA 7550 

CLA 7600 

US 7604 

SZA CLA 7640 

SNA CLA 7650 

SMA CLA 7700 

SPA CLA 7710 



1.3 
1,2 
1,2 
1,2 
1,2 



Halt. Stops the program after completion of- 
the cycle in process. If this instruction is com- 
bined with others in the 0PR;2 group the other 
operations are completed before the end of 
the cycle. 

OR with switch register. The OR function is 
performed between the content of the SR and 
the content of the. AC, with the result left in 
the AC. 

Skip, unconditional. The next instruction is 
skipped. 

Skip if L ^ 0. 

Skip if L = 0. 

Skip if AC = 0. 

Skipif AC^O. 

Skip if AG = 0, or L = 1, or both. 

Skip if AC 7^0 and L = 0. 

Skip on minus AC. If the content of the AC ' 
is a negative number, the next instruction is 
skipped. 

Skip on positive AC. If the content of the AC 
is a positive number, the next instruction is 
skipped. 

Skip if AC < 0, or L = 1, or both. 

Skipif AC> Oand if L = 0. 

Skip if AC < 0. 

Skip if AC > 0. 

Clear AC. To be used alone or in OPR 2 com- 
binations. 

Load AC with SR. 

Skip if AC = 0, then clear AC. 

Skip if AC 7^ 0, then clear AC. 

Skip if AC < 0, then clear AC. 

Skip if AC > 0, then clear AC. 
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PDP-8/1 EXTENDED ARITHMETIC 
ELEMENT MICROINSTRUCTIONS 



Mnemonic Octal 
Symbol Code Sequence 



MUY 



7405 



DVI 



7407 



NMI 



7411 



SHL 



7413 



Operation 



Multiply. The number held in the MQ is mul- 
tiplied by the number held in core memory 
location PC + 1 (or the next successive core 
memory location after the MUY Command). 
At the conclusion of this command the most 
significant 12 bits of the product are con- 
tained in the AC and the least significant 12 
bits of the product are contained in the MQ. 
Y X MQ -^ AC, MQ. 

Divide. The 24-bit dividend held in the AC 
(most significant 12 bits) and the MQ (least 
significant 12 bits) is divided by the number 
held in core memory location PC + 1 (or the 
next successive core memory location follow- 
ing the DVI command). At the conclusion of 
this command the quotient is held in the MQ, 
the remainder is in the AC, and the L con- 
tains a 0. If the L contains a 1, divide over- 
flow occurred and the operation was concluded 
after the first cycle of the division. 
AC, MQ - Y -^ MQ. 

Normalize. This instruction is used as part of 
the conversion of a binary number to a frac- 
tion and an exponent for use in floating point 
arithmetic. The combined content of the AC 
and the MQ is shifted left by this one com- 
mand, untif the content of ACO is not equal 
to the content of ACl, to form the fraction. 
Zeros are shifted Into vacated MQll positions 
for each shift. At the conclusion of this oper- 
ation, the step counter contains a number 
equal to the number of shifts performed. The 
content of L is lost. 
ACj ->► ACj — 1 
AC0-> L 
MQO-> ACll 
MQj -> MQj — 1 
O-^'MQll until ACO 7^ ACl 

Shift left. This instruction shifts the combined 
content of the AC and MQ to the left one posi- 
tion more than the number of positions indi- 
cated by the content of core memory at 
address PC + 1 (or the next successive core 
memory location following the SHL com- 
mand). During the shifting, zeros are shifted 
into vacated MQll positions. 
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PDP-8/1 EXTENDED ARITHMETIC 
ELEMENT MICROINSTRUCTIONS (continued) 



Mnemonic Octal 
Symbol Code Sequence Operation 



Shift Y + 1 positions as follows: 

ACj -^ ACj — 1 

AGO -^ L 

MQO^^ACll 

MQj -> MQj — 1 

0^- MQll 

ASR 7415 3 Arithmetic shift right. The combined content 

of the AC and the MQ is shifted right one posi- 
tion more than the number contained in mem- 
ory location PC + 1 (or the next successive 
core memory location following the ASR com- 
mand). The sign bit, contained in ACO, enters 
vacated positions, the sign bit is preserved, 
information shifted out of MQll is lost, and 
the L is undisturbed during this operation. 
' Shift Y -+- 1 positions as follows: 
ACO -> ACO 
ACj ->- ACj + 1 
ACll -> MQO 
MQj ^- MQj + 1 

LSR 7417 3 Logical shift right. The combined content of 

the AC and MQ is shifted right one position 
more than the number contained in memory 
location PC -f 1 (or the next successive core 
memory location following the LSR command). 
This command is similar to the ASR command 
except that zeros enter instead of the sign bit 
vacated positions, ^nformation shifted out of 
MQll is lost and the L is undisturbed during 
this operation. 

Shift Y + 1 positions as follows: 
0->- ACO 
ACj -^ ACj + 1 . 
ACll -> MQO 
MQj ->► MQj -f 1 

MQL 7421 2 Load multiplier quotient. This command clears 

the MQ, loads the content^of the AC into the 
MQ, then clears the AC. 
-^ MQ . 
AC->- MQ 
0^^ AC 

SCA 7441 2 Step counter load into accumulator. The con- 

tent of the step counter is transferred into the 
AC. The AC should be cleared prior to issuing 
this command or the CLA command can be 
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ELEMENT MICROINSTRUCTIONS (continued) 



Mnemonic Octal 
Symbol Code Sequence Operation 



combined with the SCA to clear the AC, then 
effect the transfer. 
SC V AC -> AC 

SCL 7403 3 Step counter load from memory. Loads com- 

plemented bits 7 through 11 of the word in 
memory following the instruction into the step 
counter. 
MB7-11->SC 
PC + 2 ^- PC 

MQA 7501 2 Multiplier quotient load into accumulator. The 

w..«v>.% w. ^iis^ i.i«^ i^ hi Ul Ik^l V«| I V^ I I I LW Li Hi r~\\^m 

This command is given to load the 12 least 
significant bits of the product into the AC 
following a multiplication or to load the quo- 
tient into the AC following a division. The AC 
should be cleared prior to issuing this com- 
mand or the CLA command can be combined 
with the MQA to clear the AC then effect the 
transfer. 
MQ V AC -> AC 

CLA 7601 1 Clear accumulator. The AC is cleared during 

sequence 1, allowing this command to be 
combined with the outer EAE commands that 
load the AC during sequence 2 (such as SCA 

anH MQA). 
->- AC ' 

CAM 7621 1, 2 Clear accumulator and multiplier quotient. 

- ^•— • -■•■«<• 
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BASIC lOT MICROINSTRUCTIONS 



PSF 


6021 


PCF 


6022 


PPC 


6024 



Mnemonic Octal Operation 

Program Interrupt 

ION 6001 Turn interrupt on and enable the computer to re- 

spond to an interrupt request. When this instruction 
is given, the computer executes the next instruction, 
then enables the interrupt. The additional instruc- 
tion allows exit from the interrupt subroutine before 
allowing another interrupt to occur. 

lOF 6002 Turn interrupt off; i.e., disable the interrupt. 

High Speed Perforated Tape Reader and Control 

RSF 6011 Skip if reader flag is a 1. 

RRB 6012 Read the content of the reader buffer and clear the 

reader flag. (This instruction does not clear the AC.) 
RB VAC4-11^-AC4-11 

RFC 6014 Clear reader flag.and reader buffer, fetch one char- 

acter from tape and load it into the reader buffer, 
and set the reader flag when done. 

High Speed Perforated Tape Punch and Control 

Skip if punch flag is a 1. 

Clear punch flag and punch buffer. 

Load the punch buffer from bits 4 through 11 of the 

AC and punch the character. (This instruction does 

not clear the punch flag or punch buffer.) 

AC4-11 V PB->- PB 

PLS 6026 Clear the punch flag, clear the punch buffer, load 

the punch buffer from the content of bits 4 through 
11 of the accumulator, punch the character, and 
set the punch flag to 1 when done. 

Teletype Keyboard/Reader 

KSF 6031 Skip if keyboard flag is a 1. 

KCC 6032 Clear AC and clear keyboard flag. 

KRS 6034 Read keyboard buffer static. (This is a static com- 

mand in that neither the AC nor the keyboard flag 
is cleared.) 
TTI VAC4-11-^AC4-11 

KRB 6036 Clear AC, clear keyboard flag, and read the content 

of the keyboard buffer into the content of AC4-11. 

Teletype Teleprinter/Punch 

TSF 6041 Skip if teleprinter flag is a 1. 

TCF 6042 Clear teleprinter flag. 

TPC 6044 Load the TTO from the content of AC4-11 and print 

and/or punch the character. 
TLS 6046 Load the TTO from the content of AC4-11, clear 

the teleprinter flag, and print and/or punch the 

character. 
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Oscilloscope Display Type VC8/I [VC8/L] 

DCX 6051 Clear X coordinate buffer. 

DXL 6053 Clear and load X coordinate buffer. 

AC2-11 -> YB 
DIX 6054 Intensify the point defined by the content of the X 

and Y coordinate buffers. 
DXS 6057 Executes the combined functions of DXL followed 

by. DIX. 
DCY 6061 Clear Y coordinate buffer. 

DYL 6063 Clear and load Y coordinate buffer. 

AC2-11->YB 
DIY 6064 Intensify the point defined by the content of the X 

and Y coordinate buffers. 
DYS 6067 Executes the combined functions of DYL followed 

by DIY. 
DSB 6075 Set minimum brightness. 

DSB 6076 Set medium brightness. 

DSB 6077 Set maximum brightness. 

DSB 6074 Zero brightness. 

Light Pen Type 370 

DSF 6071 Skip if display flag is a 1. 

DCF 6072 Clear the display flag. 

Memory Parity Type MP8/I [MP8/L] 

SMP 6101 Skip if memory parity error flag = 0. 

CMP 6104 Clear memory parity error flag. 

.Automatic Restart Type KP8/I [KP8/L3 

CDI AinO <;Uin if nnwor ic Inw 

Memory Extension Control Type MC8/I 

CDF 62Ni Change to data lieiu N. The data ficid register iS 

loaded with the selected field number (0 to 7). All 
subsequent memory requests for operands are auto- 
matically switched to that data field until the data 
field number is changed by a new CDF command. 

CIF 62N2 Prepare to change to instruction field N. The instruc- 

tion buffer register is loaded with the selected field 
number (0 to 7). The next JMP or JMS instruction 
causes the new field to be entered. 

RDF 6214 Read data field into AC6-8. Bits 0-5 and 9-11 of the 

AC are not affected. 

RIF 6224 Same as RDF except reads the instruction field. 

RIB 6234 Read interrupt buffer. The instruction field and data 

field stored during an interrupt are read into AC6-8 
and AC9-11, respectively. 

RMF 6244 Restore memory field. Used to exit from a program 

interrupt. 
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Mnemonic Octal 



Memory Extension Control Type MC8/L 



Operation 



CDF 



62N1 



GIF 

RDF 

RIF 
■RIB 

RMF 



62N2 



6214 

6224 
6234 

6244 



Change to data field N. The data field register is 
loaded with the selected field number (0 or 1). All 
subsequent memory requests for operands are auto- 
matically switched to that data field until the data 
field number is changed by a new CDF command. 
Prepare to change to instruction field N. The instruc- 
tion buffer register is loaded with the selected field 
number (0 or 1). The next JMP or JMS instruction 
causes the new field to be entered. 
Read data field into AC a Bits 0-5 and 9-11 of the 
AC are not affected. Bits 6 & 7 are cleared. 

Same as RDF except reads the instruction field 

Read interrupt buffer. The Instruction field and data 

field stored during an interrupt ace read into AC 8 

and 11 respectively. 

Restore memory field. Used to exit from a program 

interrupt. 



Incremental Plotter and Control Type VP8/I 

PLSF 6501 Skip if plotter flag is a 1. 

PLCF 6502 Clear plotter flag. 

PLPU 6504 Plotter pen up. Raise pen off of paper. 

PLPR 6511 Plotter pen right. 

PLDU 6512 Plotter drum (paper) upward. 

PLDD 6514 Plotter drum (paper) downward. 

PLPL 6521 Plotter pen left. 

PLUD 6522 Plotter drum (paper) upward. (Same as 6512.) 

PLPD 6524 Plotter pen down. Lower pen on to paper. 

Random Access Disc File (Type DF32) 

DCMA 6601 Clears memory address register, parity error and 

completion flags. This instruction clears the disk 
memory request flag and interrupt flags. 

DMAR 6603 The contents of the AC are loaded into the disk 

memory address register and the AC is cleared. 
Begin to read information ' from the disk into the 
specified core location. Clears parity error and com- 
pletion flags. Clears interrupt flags. 

DMAW 6605 The contents of the AC are loaded into the disk 

memory address register and the AC is cleared. 
Begin to write information into the disk from the 
specified core location. Clears parity error and com- 
pletion flags. 

DCEA 6611 Clears the disk extended address and memory ad- 

dress extension register. 

DSAC 6612 Skips next instruction if address confirmed flag is a 

1. (AC is cleared.) 

DEAL 6615 The disk extended-address extension registers are 

cleared and loaded with the track data held in the AC. 
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Mnemonic Octal 



Operation 



Random Access Disc File (Type DF32) (continued) 

DEAC 5616 Clear the AC then loads the contents of the disk 

extended-address register into the AC to allow pro- 
gram evaluation. Skip next instruction if address 
confirmed flag is a 1. 

DFSE 6621 Skips next instruction if parity error, data request 

late, or write lock switch flag is a zero. Indicates no 
errors. 

DFSC 6622 Skip next instruction if the completion flag is a 1. 

Indicates data transfer is complete. 

DMAC 6626 Clear the AC then loads contents of disk memory 

address register into the AC to allow program evalua- 
tion. 



Automatic Line Printer and Control Type 645 

LSE 6651 Skip if line printer error flag is a 1. 

LCB 6652 Clear both sections of the printing buffer. 

LLB 6654 Load printing buffer from the content of AC6-1 1 and 

clear the AC. 

LSD 6661 Skipif the printer done flagis a 1. 

LCF 6662 Clear line printer done and error flags. 

LPR 6664 Clear the format register, load the format register 

from the content of AC9-11, print the line contained 
in the section of the printer buffer loaded last, clear 
the AC, and advance the paper in accordance with 
the selected channel of the format tape if the con- 
tent of ACS = 1. If the content of ACS = 0, the line 
is printed and paper advance is inhibited. 

DECtape Transport Type TU55 and DECtape Control Type TCOl 

DTRA 6761 The content of status register A is read into ACO-9 

by an OR transfer. The bit assignments are: 
ACO-2 = Transport unit select number 
AC3-4 = Motion 
AC5 = Mode 
AC6-8 = Function 
AC9 = Enable/disable DECtape control flag 



DCTA 
DTXA 



DTSF 



6762 
6764 



6771 



Clear status register A. All flags undisturbed. 
Status register A is loaded by an exclusive OR trans- 
fer from the content of the AC, and ACIO and ACll 
are sampled. If AGIO = 0, the error flags are cleared. 
If ACll = 0, the DECtape control flag is cleared. 
Skip if error flag is a 1 or if DECtape control flag is 
a 1. 
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Mnemonic Octal 



Operation 



DECtape Transport Type TU55 and DECtape Control Type TCOl (continued) 

DTRB 6772 The content of status register B is read into tiie AC 

by an OR transfer. The bit assignments are: 

AGO = Error flag 

ACl = IVlark track error 

AC2 = End of tape 

ACS = Select error 

AC4 = Parity error 

ACS = Timing error 

AC6-8 = Memory field 

AC9-10 = Unused 

ACll = DECtape flag 
DTLB 6774 The memory field portion of status register B 

loaded from the content of AC6-8. 



IS 



Card Reader and Control Type CRg/1 [CR8/L] 

RCSF 6631 Generates an lOP pulse (fOP 1) to test the data- 

ready flag output. If the data ready flag is 1, the next 
sequential program Instruction is skipped. 

RCRA 6632 Generates an lOP pulsedOP 2) to read the alpha- 

numeric data at the control-logic buffer register and 
clear the data ready flag. 

RCRB 6634 Generates an lOP pulse (lOP 4) to read the BCD data 

at the control logic buffer register and clear the data 
ready flag. 

RCSD 6671 Generates an lOP pulse (lOP D'to test the card-done 

flag output. If the card done -flag is 1, the next 
sequential program instruction is skipped. 

ROSE 6672 Generates an lOP pulse (lOP 2) to advance the card, 

clear the card done flag, and produce a skip flag IT 

reader is ready.. If skip flag is generated, the next 
sequential program instruction is skipped. 

RCRD 6674 Generates an lOP pulse <IOP 4) to clear the card 

done flag. 

Automatic Magnetic Tape Control Type TC58 

MTSF 6701 Skip on error flag or magnetic tape flag. The status 

of the error flag (EF) and the magnetic tape flag 
(MTF) are sampled. If either or both are set to' 1, 
the content of the PC is incremented by one to skip 
the next sequential instruction. 

MTCR 6711 Skip on tape control ready (TCR). If the tape control 

is ready to receive a command, the PC is incre- 
mented by one to skip the next sequential instruc- 
tion. 
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Operation 



Automatic Magnetic Tape Control Type TC58 (continued) 



MTTR 



MTAF 



MTRC 



MTCM 



MTLC 



MTRS 
MTGO 



6721 Skip on tape transport ready (TTR). The next se- 
quential instruction is skipped if the tape transport 
is ready. 

6712 Clear the status and command registers, and the EF 

and MTF if tape control ready. If tape control not 
ready, clears MTF and EF flags only. 

6724 Inclusively OR the contents of the command register 

into ACO-11. 

6714 Inclusively OR the contents of ACO-5, AC9-11 into 

the command register; JAM transfer bits 6, 7, 8 

6716 Load the contents of ACO-11 into the command 

register. 
6704 Inclusively OR the contents of the status register 

into ACO-11. 
6706 Read the contents of the status register into ACO-11. 

6722 Set "go" bit to execute command in the command 
register if command is legal. 

6702 Clear the accumulator. 



General Purpose Converter and Multiplexer Control Type AFOIA 

ADSE 6531 

ADCV 6532 



ADRB 


6534 


ADCC 


6541 


ADSC 


P,^A9 



ADIC 



6544 



Skip if A/D converter flag is a 1. 
Clear A/D converter flag and convert input voltage 
to a digital number, flag will set to 1 at end of con- 
version. Number of bits in converted number de- 
terminpH by switch settin" 11 bits maximum, 
clear flag. 

Read A/D converter buffer into AC, left justified, and 
Clear multiplexer channel address register. 

^pt iin miiltiniovor r<hannol ae noi- bC'f^.'i 1 KAovimum 

of 64 single ended or 32 differential input channels. 
Index multiplexer channel address (present address 
-f- 1). Upon reaching address limit, increment will 
cause channel 00 to be selected. 



Guarded Scanning Digital Voltmeter Type AF04A 

VSEL 



VCNV 



VINX 



VSDR 
VRD 



6542 
6541 



6544 



6531 
6532 



The contents of the accumulator are transferred to 
the AF04A control register. 

The contents of the accumulator are transferred to 
the AF04A channel address register. Analog signal 
on selected channel is automatically digitized. 
The last channel address is incremented by one and 
the analog signal on the selected channel is auto- 
matically digitized. 
Skip if data ready flag is a 1. 

Selected byte of voltmeter is transferred to the 
accumulator and the data ready flag is cleared. 
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VBA 6534 BYTE ADVANCE command requests next twelve bits, 

data ready flag is set. 

VSCC 6571 SAMPLE CURRENT CHANNEL when required to digi- 

tize analog signal on current channel repeatedly. 

Real Time Clock, Type KW8/I [KW8/L] 

CCFF 6132 The flag, flag buffer, clock enable, and interrupt en- 

able flip-flops are cleared. This disables the real-time 
clock. 
CCEC 6136 All clock control flip-flops, are first cleared, thfen the 

clock enable flip-flop is set. For the variable fre- 
quency clock, the frequency source is enabled 

synchronously with program operation. With all 
clocks, the data input to the flag is enabled after 
I0P2 time. This represents an 800-ns mask, after the 
clock is enabled. 

CECI 6137 All clock control flip-flops are cleared, then the clock 

enable, and interrupt enable flip-flops are set. The 
clock enable flip-flop is described with the CCEC 
instruction. The interrupt enable flip-flop allows an 
10 BUS IN INT signal when the flag is set. 

CSCF 6133 When the flag flip-flop has been set by a clock pulse, 

the flag buffer flip-flop is set to a 1. Upon execution 
of this instruction, an 10 BUS IN SKIP is generated 
if the flag is set. The content of the PC is incremented 
by 1, so that the next sequential instruction is 
skipped. The flag flip-flop is then cleared. If the flag 
flip-flop has not been set, no skip is generated nor 
is the flag flip-flop cleared. 

CCFF 6132 The flag, flag buffer, clock enable, and interrupt 

enable flip-flops are cleared. This disables the 
real-time clock. In addition, the OVERFLOW gat- 
ing is disabled. 

CECL 6136 The operations are the same as that of the CCEC 

instruction for the basic clock, except that the 
data input to the flag is not enabled until both 
CLOCK ENABLE and OVERFLOW are set. All 
counter bits are set at I0P2, and then cleared 
according to the accumulator prior to I0P4. At 
10P4 the contents of the counter (the one's com- 
plement of the accumulator) are transferred to 
the output buffer. At the end of I0P4, the counter 
is incremented by one to provide the two's com- 
plement of the accumulator. 

CEIL 6137 Operations are the same as those described in 

the CECI instruction for the basic clock, except 
that the counter is loaded according to the CECL 
instruction. 
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Mnemonic Octal 



Operation 



CRCA 



6134 



CSCF 



6133 



The output buffer is gated to the I/O BUS during 
iOP4, and a CLK AC CLR signal generated. This 
register contains the last count in the count regis- 
ter. The transfer from the count register is syn- 
chronized with this instruction so that a transfer 
that would occur during this instruction is not 
made. 

When the flag flip-flop has been set by a clock 
pufse, the flag buffer flip-flop is set to a one. 
Upon execution of this instruction an 10 BUS IN 
SKIP is generated if the flag is set. The content 
of the PC is incremented by one so the next 
sequential instruction is skipped. The flag flip- 
flop is then cleared. If the flag flip-flop has not 
been set, no skip is generated nor is the flag 
flip-flop cleared. 



Asynchronous Serial 

TSFXXX 6441 
TCFXXX 6442 
TPCXXX 6444 

TLSXXX 6446 



KSFXXX 
KCCXXX 
KRSXXX 



6451 
6452 
6454 



l\rtDAAA b4t)b 



Line Interface, Type PT08 

Skip if teleprinter/punch 3 flag is a 1. 

Clear teleprinter/punch 3 flag. 

Load teleprinter 3 buffer (TTOX) with AC4-11 and 

print/punch the character. 

Load TTOX with AC4-11, 3 flag, print/punch the 
character and clear teleprinter/punch. 
Skip if keyboard/reader 3 flag is a 1. 
Clear AC and keyboard/reader 3 flag. 

Read kevhoarH/rParlor ^ Knffor /TTCSn ^*.^4.;« /"n-io 

is loaded into AC4-1 1 hy an OR transfer.) 
Clear the AC, read TTI3 into AC4-11, and clear key- 
board 3 flag. 



Time Sharing Hardware Modification, Type KT8/I 

Clear user interrupt. Resets the user interrupt (UINT) 
flip-flop to the state. 

Skip on user interrupt. When the user interrupt 
(UINT) flip-flop is in the 1 state, sets the user skip 
flip-flop (USF) to the 1 state and causes the program 
to skip the next instruction. 

Clears the user flag. Clears the user buffer fUB) 
flip-flop. ' 

Sets the user flag. Sets user buffer (UB) and in- 
hibits processor interrupts until the next JMP or 
JMS instruction. Generation of IB ->► IF during the 
next JMP or JMS instruction transfers the state of 
UB to the user field (UF) flip-flop. 



CINT 
SINT 

CUF 
SUF 



6204 
6254 

6264 
6274 
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Storage Tube Display Control, Type KV8/I [KV8/L] 

SNC 6051 Senses the condition of the cursor interrupt flag. The 

flag produces an interrupt request vyhen set by 
operation of the interrupt pushbutton on the joy- 
stick. The flag is initially cleared when the computer 
is started. As with all flag-sent instructions, SNC 
can. be used under interrupt conditions to detect 
the source of the interrupt, or it can be used under 
interrupt on (ION) when the interrupt request has 
been caused by the operation of the cursor interrupt 
button. In a program running with the interrupt off, 
SNC dan be used to ignore the cursor successive 
approximation subroutine in the program if a re- 
quest for service has not been made from the 
joystick controller. 
CCF 6052 This instruction is used to clear the cursor flag after 

a request for service has been acknowledged by the 
program. 
SAC ■ 6062 The analog comparator is set to compare the analog 

content of any one of six analog sources with the 
content of the digital-to-analog converter.^ The an- 
alog sources are chosen according to a 3-bit binary 
code. This code establishes the parameter for choos- 
ing the wanted register according to the content of 
AC2, ACS, an^ACe. 
LDF 6063 This instruction is used to establish the mode m 

which a wanted graphic is to be produced according 
to a 2-bit binary code. This code determines whether 
the wanted vector will be linear absolute relative, 
whether the point plot mode will be used, or whether 
the cursor will be displayed. This code establishes 
the parameters for these formats according to the 
content of AC2 and ACS. The LDF instruction must 
precede the LDX and LDY instructions. 
1 nx 6064 The X-axis sample and hold register is loaded with 

the binary equivalent of the X-axis coordinate ac- 
cording to the contents of AC2-11. This data appears 
at the output of the digital-to-analog converter as 
the. analog equivalent of the X-axis value of the 
binary word stored in the AC. The LDX instruction 
clears an existing ready flag and sets the ready flag 
after 100 ± 20 iis. 
1 nv 6065 The Y-axis sample and hold register is loaded with 

the binary equivalent of the Y-axis coordinates ac- 
cording to the contents of AC2-11. This data appears 
at the output of the digital-to-analog converter as 
the analog equivalent of the binary word in the AC. 
The LDY instruction clears an existing ready flag 
and sets the ready flag after 100 ± 20 ^s. 
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SRF 6071 



Storage Tube Display Control, Type KV8/I [KV8/L] (continued) 

EXC 6066 Used to execute the wanted vector according to the 

contents of AC2-4 and AC6-11. The parameter word 
establishes long or short formats, circular vectors, 
display erasure, reset of the integrators, and intensi- 
fication of the vector. The EXC instruction clears an 
existing ready flag and sets the ready flag as follows: 

a) after 20 ± 5 ^s for a point or vector continue 

b) after 250 fis for short vectors 

c) after 4.05 ms for long vectors 

d) after 500 ms for an erase. 
Used to determine when the controller is ready to 
perform the next execute instruction. The ready flag 
produces an interrupt condition when set. The flag 
can be set by pressing the erase pushbutton on the 
VTOl unit. Normally, however, the state of this flag 
is determined by the controller. This flag is initially 
cleared when the computer is started and prior to an 
LDX, LDY, or EXC instruction. 

This instruction clears the ready flag after a skip 
instruction has been acknowledged. 
Used in the successive approximation subroutine to 
determine the digital equivalent of the selected 
analog holding register. This instruction is used with 
the SAC (60628) instruction. 

LDA 6074 This instruction is used to load the content of 

AC2-11. This instruction is used with SDA (60738) 
in the successive approximation subroutine to de- 
termine the digital value of the content of the se- 
lected analog holding register. Does not change flag 



CRF 6072 

SDA 6073 






:crc.T!£ntaj Magnetic Tape Coniroiier, lype TR02 

'^^^'2?^i z^-,, . ^^®" ^^*^ '^ ""^^^y t° be strobed into the AC from 
b/Ul/6711 the read hnffpr fRR\ the pr ic- ir,^,^,^, — 4.-.^ u.. 

to Skip the next sequential instruction. The read done 
flag is cleared only if the skip occurs. 
l5no /c^-, o '^^^ content of the status register (STR) is read into 

6702/6712 ACO-8. The AC should be cleared before it is read by 

this instruction. 

'^^^'^-fA/c^no 't *^® ^'''*^ ^°"® ^'^S 's s^*' *he next instruction is 

iKAn/ilIn skipped and the write done flag is cleared 

^c-S;/^-,,. '^^^ "^"^^ command decoded from ACO-2 is gen- 

b704/6714 erated. This instruction also clears the read done 

write done, and gap detect flags. The indicated flag 
IS set when the command has been executed. 
'^^/'^|^_,_,^ 'f the gap detect flag is set, the next instruction is 

hA/D /.fJo A^ skipped and the gap detect flag is cleared. 

^^vn'^/c^,^ ^^^ contents of the AC are loaded into the tape in- 

6706/6716 put data buffer (WB) and a write step command is 

generated. The write done flag is set when writing is 
completed. 
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BASIC lOT MICROINSTRUCTIONS (continued) 



Mnemonic Octal 



Operation 



Incremental Magnetic Tape Controller, Type TR02 (continued) 

IRD/IRDA The AC is cleared and the content of the read buffer 

6707/6717 (RB) is loaded into the AC. Data bits are transferred 

into AC6-11 (7-track) or AC4-11 (9-track). Parity 

error is transferred into AGO which is if there is no 

parity error. 



Disk File and 

DCIM 

DIML 



Control, 

6611 

6615 



Type RF08/£xpander Disk File, Type RS08 

Clear the disk interrupt enable and core memory 
address extension registers. 

Clear the interrupt enable and memory address ex- 
tension registers, then load the interrupt enable and 
memory address extension registers with data held 
in the AC. Then clear the AC. NOTE: Transfers cannot 
occur across memory fields. Attempts to do so will 
cause the transfer to "wrap around" within the 
specified memory field. 

Clear the AC. Then load the contents of the status 
register (STR) into the AC to allow program evalua- 
tion. 

Skip next instruction if there is parity error, data 
request late, write lock status, or nonexistent disk 
flag set. 

If either the error or data completion flag (or both) 
is set, the next instruction is skipped. 
Clear the high order 8-bit disk address register 
(DAR). 

Clear the high order 8 bits of the DAR. Then load the' 
DAR from data stored in the AC. Then 'clear the AC. 
Clear the AC; then load the contents of the high 
order 8-bit DAR into the AC. 

For maintenance purposes only with the appropriate 
maintenance cable connections and the- disk dis- 
connected from the RS08 logic, the (given) standard 
signals may be generated by lOT 6646 and associ- 
ated AC bits. The AC is cleared and the maintenance 
register is initiated by issuing an lOT 6601 com- 
mand. (For standard signals, see Chapter 7, Section 
7-7.) 

Sample and Hold Control Option, Type ACOIA 

HRAN 6571 The contents of AC3-5 are transferred to the channel 

address register (CHAR). The 3-bit code is decoded 
to address any of the 8 channels. 

HSIM 6572 Simultaneously places all 8 channels into the hold 

mode. 

Digital-to-Anal(^ Converter, Type AAOIA 

SAMP 6574 Places all 8 channels into the sample (or track) 

mode. 



DIMA 


6616 


DFSE 


6621 


DISK 


6623 


DCXA 


6641 


DXAL 


6643 


DXAC 


6645 


DMMT 


6646 



375 



BASIC !0T MICROINSTRUCTIONS (continued) 



Mnemonic Octal 



Operation 



DALl 6551 The character in the accumulator is loaded into the 

channel 1 buffer. The DAC then converts the buf- 
fered value to the analog equivalent. (NOTE: Similar 
instructions for DAL2 and DAL3 load respective 
DACs.X 



Digital-to-Analog Converter, Type AA05/AA07 



CLDA 


6551 


LOAD 


6552 


LDAR 


6562 


UPDT 


6564 



The address register in the AA05/AA07 is cleared. 
The address register in the AA05/AA07 is loaded 
with the contents of ACO-5. 

The buffer (input buffer, if the channel is double- 
buffered) of the DAC is loaded from ACO-9. 
The contents of the input buffers of all double- 
buffered channels are transferred to their respective 
output buffers. The input buffer is not affected by 
this instruction. 



Synchronous Modem 

STF 6611 



CTF 



TAG 



6602 



6601 



CIM 


6604 


SIM 


6614 


bKf- 


6fci51 


RRB 


6612 


SEF 


6621 



CEF 
SRE 

CRE 
SRI 



6622 
6624 

6644 
6631 



Interface, Type DPOIAA 

Causes the program to skip the next instruction if- 
the transmit flag is in the state. When the transmit 
flag is in the 1 state, the transmit buffer register 
(TB) isready to accept another character. 
Resets the transmit flag. If transmit active flag is 
set, CTF also causes the program to skip the next 
instruction. 

Causes the contents of the AC (6, 7, 8, or 9 bits 
right-justified) to be transferred into the TB. 
Resets the transmit logic idle mode (IM) flip-flop. 
Sets the transmit idle mode (IM) flip-flop. 
Causes the program to skip the next instruction if 
the receive flag is 0. The flag is set when a received 
character is ready for transfer to the AC and the flag 
is cleared when an RRB instruction is issued. 
Transfers the contents of the receiver buffer (RB) 
(6, 7, 8, or, 9 bits, right-justified) to the computer 
AC. RRB also resets the receive flag. 
Causes the program to skip the next instruction if 
the receive end flag is 0. (The receive end flag flip- 
flop js set when the receive logic has stopped receiv- 
ing serial data from the communications equipment 
due to termination of the SERIAL CLOCK RECEIVE 
pulse train.) 

Clears the receive end flag. 

Sets the ring enable (RE) flip-flop to a 1, which 
permits the ring flag to request a program interrupt. 
Clears the ring enable (RE) flip-flop. 
Causes the program to skip the next instruction if 
the ring flag is 0. The ring flag is set when a ring 
input is received. 
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BASIC lOT MICROINSTRUCTIONS (continued) 



Mnemonic Octal 



Operation 



Synchronous Modem Interface, Type DPOIAA (continued) 



CRF 
STR 



CTR 
SSR 



CRA 



6632 
6634 



6642 
6641 



6652 



COB 


6661 


lOB 


6664 


ROB 


6662 


XOB 


6654 


Data Communications 


TTI 


6402 



TTO 



6404 



TTCL 


6411 


iiSL 


6412 


TILL 


6413 


IIRL 


6414 


IIINCR 


6401 



TTRINC 6461 



Clears the ring flag. 

Sets the terminal ready (TR) flip-flop to the 1 state. 

This causes the terminal ready lead to the modem 

to be set on the ON state. The state changes to OFF 

for CTR. 

Clears the terminal ready (TR) flip-flop (see STR). 

Causes the program to skip the next instruction if 

the data-set-ready lead from the modem is in the 

ON state. 

Clears the receive active (RA) flip-flop,, taking the 

receive logic out of the active state. This inhibits 

any more receive flags until a new sync character is 

received. 

Clears the XOR buffer. 

Transfers Is from the AC to the buffer register (BR). 

Transfers the buffer register (BR) content to the AC. 

Causes an exclusive OR of the AC with the buffer 
register (BR). 

System 680/i 

Causes a JMS to be executed (N +3) if the R register 
does not equal and either the line hold bit of the 
selected line-(specified by bits 2-8. of the LSW) is in 
the 1 state, or as a result of jamming the line state 
into and shifting the CAW; bit 11 of the CAW is a 1. 
Clears the link and shifts the link and accumulator 
one bit position to the right. Bit LI of the accumu- 
lator is shifted into the line unit specified by the line 
register. The previous contents (1 bit) of the se- 
lected line unit is lost. 

This command sets the contents of the line register 
to 0. 

The contents of AC5-11 are ORed into the line 
register. 

The contents of AC5-11 are transferred into the line 
register. This is a microprogram of TTCL and TTSL. 
The contents of the line register are ORed into 
AC5-11. The AC must be for a true transfer. 
This instruction causes the contents of the line 
, register to be incremented by 1. This command, 
when microprogrammed with a TTO command is 
executed. 

This command causes the contents of the R register 
to be incremented by 1. Because it is loaded with a 
2's complement number, the result is a subtract. 
This instruction can be microprogrammed with 
TTRR. 
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BASIC lOT MICROINSTRUCTIONS (continued) 



Mnemonic Octal 



Operation 



Data Communications 

TTRR 6464 



TTCR 


6471 


TTLR 


6472 


TTLDR 


6473 


Tlon 


6424 



Tloff 
Tlskip 

T2on 



6422 
6421 

6434 



System 680/i (continued) 

Tiiis command reads the contents of tfie R register 
into AC7-11. The contents of the AC must be Os 
before issuing this instruction. This instruction, 
when microprogrammed with TTINCR, causes the 
incremented results to be read into the AC. 
This command causes the R register to be set to 0. 
This command causes the contents of AC7-11 to be 
Red into the R register. 

This is a microprogram of TTCR and TTLR and 
causes the contents of the AC7-11 to be transferred 
into the R register. 

Clock Control Instruction: Enables clock 1 to set its 
flag at the predetermined clock rate. The flag in the 
1 state causes a program interrupt when the inter- 
rupt is enabled. This instruction also sets the flag 
to the state. 

Clock Control Instruction: Inhibits clock 1 from set- 
ting its flag. This instruction also sets the flag to 
the state. 

Clock Control Instruction: Causes the program to 
skip the next instruction if clock flag 1 is in the 1 
state. To clear the flag, either Tlon or Tloff can be 
used. 

Clock Control Instruction: Enables clock 2 to set its 
flag at the predetermined clock rate. The flag in the 
1 state causes a program interrupt when the inter- 
rupt is enabled. This instruction also sets the flag to 
the state. 

V/IUUrv OUIItlUI llldLI U^llUII, IIIIIIUILS> UIUUK ^ IfUIII ^ci- 



T2skip 6431 



T3on 


6444 


T3off 


6442 


T3skip 


6441 


T4on 


6454 


T4off 


6452 


T4sklp 


6421 


Jitrple Asynchronc 


MTSF 


6121 


MTCF 


6122 


MTPC 


6124 



^tr%rr #+■«* ^l< 



Tt* »*» •*->«k-l'>>ii^«'^>/>v« «^I«»i-t «»o>4'M 4l^ M •Cl'^c 



■ k.3 iiuc:. I 111^ 111^ 



LI LfV'LIUII 



<j(>3iJ ^3C:l:> iiirt 



MTLS 



6126 



state. 

Clock Control Instruction: Causes the program to 

skip the next Instruction if clock flag 2 is in the 1 

state. To clear the flag, either a T2on or T2off can 

be used. 

Same as T2on, except enables clock 3. 

Same as T2off, except inhibits clock 3. 

Same as T2skip, except flag 3 is in the 1 state. 

Same as T2on, except enables clock 4. 

Same as T2off, except inhibits clock 4. 

Same as T2skip, except flag 4 is in the 1 state. 



Skip the next instruction if the teleprinter flag is set. 

Clear the teleprinter flag. 

Load AC4-11 into the shift register (begin print/ 

punch). 

Clear the teleprinter flag and load AC4-11 into the 

shift register (MTCF and MTPC combined). 



378 



BASIC lOT MICROINSTRUCTIONS (continued) 



Mnemonic Octal 



Operation 



Multiple Asynchronous Serial Line Interface Unit, Type DC02D 



MKSF 
MKCC 
MKRS 
MKRB 



MTKF 
MINS 

MTRS 



6111 
6112 
6114 
6116 



6123 
6125 

6127 



Skip the next instruction if the keyboard flag is set. 

Clear the keyboard and reader flags; clear the AC. 

Transfer the shift register contents to AC 4-11. 

Clear the keyboard and reader flags, clear the AC; 

transfer the shift register contents to AC 4-11 

(MKCC and MKRS combined). 

Transfer status of keyboard flags to AC 0-3. 

Skip if the interrupt request is active (if interrupt is 

on and any flag is raised). 

Transfer the status of the selection register to AC 

0-3. 



Multiple Asynchronous Serial Line Interface Unit, Type DC02A 

MTPF 6113 Transfer status of teleprinter flags to AC 0-3. 

MINT 6115 Interrupt on if AC 11 is set (interrupt request, if any 

flags). 
MTON 6117 Transfer ACO-3 to selection register (SELR) (select 

stations when bit is set). 
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APPENDIX C 
TABLES OF CODES 

MODEL 33 ASR/KSR TELETYPE CODE (ASCII) 
IN OCTAL FORM 



Character 


8-Bit Code 
(in octal) 


Character 


8-Bit Code 
(in octal) 


Character 


8-Bit Code 
(in octal) 


A 


301 


1 


261 


= 


275 


B 


302 


2 


262 


> 


276 


C 


303 


3 


263 


7 


277 


D 


304 


4 


264 


@ 


300 


E 


305 


5 


265 


[ 


333 


F 


306 


6 


266 


\ 


334 


G 


307 


7 


267 


] 


335 


H 


310 


8 


270 


1 


336 


1 


311 


9 


271 


1 


337 


j 


312 










K 


313 


I 


241 


Leader/Trailer 


200 


L 


314 


ii 


242 


Line-Feed 


212 


M 


315 


# 


243 


Carriage-Return 


215 


N 


316 


$ 


244 


Space 


240 





317 


% 


245 


Rub-out 


377 


P 


320 


& 


246 


Blank 


000 


Q 


321 


t 


247 


Alt-mode 


375 


R 


322 


( 


250 






S 


323 


) 


251 


WRU 


205 


T 


324 


* 


252 


TAPE 


222 


U 


325 


+ 


253 




224 


V 


326 


• 


254 


TAB 


211 


W 


327 


— 


255 


X OFF 


223 


X 


330 


, 


256 


EOT 


204 


Y 


331 


/ 


257 


RU 


206 


Z 


332 


, 


272 


BELL 


207 






r 


273 


VT 


213 





260 


< 


274 


FORM 


214 



Note 1: Shift key adds hole 5. 
Note 2: Control key deletes hole 2. 



MODEL 33 ASR/KSR TELETYPE CODE (ASCII) 

IN BINARY FORM /.most significant bit 

/ LEAST SIGNIFICANT BIT \ 



1 = HOLE PUNCHED = MARK 
= NO HOLE PUNCHED = SPACE 



Alt-mode 



RUB OUT 



@ 



H 



M 



W 



± 



SPACE 



% 



( 



+ 



'8 7. 6 5 4 S 3 2 1 



NULL/IDLE 



START OF MESSAtSE 



END OF ADDRESS 



END OF MESSAGE 



END OF TRANSMISSION 



WHO ARE YOU 



ARE YOU 



BELL 



FORMAT EFFECTOR 



HORIZONTAL TAB 



LINE FEED 



VERViCAL TAB 



FORM FEED 



CARRIAGE RETURN 



SHIFT OUT 



SHIFT IN 



DCO 



READER ON 



TAPE (AUX ON) 



READER OFF 



(AUX OFF) 



ERROR 



SYNCHRONOUS IDLE 



LOGICAL END OF MEDIA 

SO _^_ 

SI 

S2 

S3 _^ 

S4 . 

S5 
S6 
S7 

































































1 






















1 


















1 





















1 





















1 


1 


















1 


1 




















b. 









































1 




















1 















, 


1 




















1 




















1 


1 

















1 


1 






























































1 




















1 

















1 





















1 




















1 


1 

















1 


1 



























































1 




















1 
















1 



















1 



















1 


1 
















1 


1 





SAME 
SAME 
SAME 
SAME 
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CARD READER CODE 



INTERNAL 
CODE 


CARD CODE 
ZONE NUM. 


IBM 26 IBM 29 
CHARACTER. CHARACTER 


INTERNAL 
CODE 


CARD CODE 
ZONE NUM. 


IBM 26 
CHARACTER 


IBM 29 
CHARACTER 


00 


NONE 


SPACE 


SPACE. 


45 


11 5 


N 


N 


01 


— 1 


1 


1 


46 


11 6 








02 


— 2 


2 


2 


47 


11 7 


P 


P 


03 


— 3 


• 3. 


3 


50 


11 8 


Q 


Q 


04 


— 4 


4 - 


4 


51 


11 9 


R 


R 


05 


— 5 


5 


5 


52 


11 8-2 


ASSIGNABLE 


06 


— 6 


6 


6 


53 


11 8-3 


$ 


$ 


07 


— 7 


7 


7 


54 


11 8-4 


# 


* 


10 


— 8 


8 


8 


55 


11 8-5 


ASSIGNABLE 


11 


— 9 


9 


9 


56 


11 8-6 


ASSIGNABLE 


12 


— S-2 


ASSIGNABLE 


57 


11 8-7 


ASSIGNABLE 


13 


— 8-3 


rr 


=■■ 


60 


12 — 


& 


+ 


14 


— 8-4 


@ 


' 


61 


12 1 


A 


A 


15 


— 8-5 


ASSIGNABLE 


62 


12 2 


B 


B 


16 


— 8-6 


ASSIGNABLE 


63 


12 3 


C 


C 


17 


— 8-7 


ASSIGNABLE 


64 


12 4 


D 


D 


20 


— 








65 


12 5 


E 


E 


21 


1 


/ 


/ 


66 


12 6 


F 


F 


22 


2 


S 


S 


67 


12 7 


G 


G 


23 


3 


, T 


T 


70 


12 8 


H 


H 


24 


4 


U 


U 


71 


12 9 


1 


1 


25 


5 


V 


V 


72 


12 8-2 


ASSIGNABLE 


26 


6 


w 


W 


73 


12 8-3 


• •' 


27 


7 X 


X 


74 12 S-4 


A ) 


30 


8 


Y 


Y 


75 


12 8-5 


ASSIGNABLE 


01 


9 


7 


■7 

! 


•7C 


1 o o c 


ASSIGNABLE 


32 


8-2 


ASSIGNABLE 


77 12 8-7 


ASSIGNABLE 


33 


8-3 


. 


I 


Wll 1 NDT rjFTFPT INVAI in 


34 


8-4 


% 


( 


PUNCH COMBINATIONS 


35 


8-5 


ASSIGNABLE 




36 


§6 


ASSIGNABLE 




37 


8-7 


ASSIGNABLE 




40 


11 — 


— 


— 




41 


11 1 


J 


J 




42 


11 2 


K 


K 




43 


11 3 


L 


L 




44 


11 4 


M 


M 
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APPENDIX D 
PERFORATEDTAPE LOADER SEQUENCES 

READIN MODE LOADER 

The readin mode (RIM) loader is a minimum length, basic perforated-tape 
reader program for the ASR33, it is initially stored in memory by manual use 
of the operator console keys and switches. The loader is permanently stored m 
18 locations of page 37. 
A perforated tape to be read by the RIM loader must be in RIM format: 



Tape Channel 
87654S321 


Format 


10000 . 00 


Leader-trailer code 


1 Al . A2 
A3 . A4 


Absolute address to 
contain next 4 digits 


XI . X2 
X3 . X4 


Content of previous 
4-digit address 


1 Al . A2 
A3 . A4 


Address 


XI . X2 
X3 . X4 


Content 


(Etc.) 


(Etc.) 


1 . 


Leader-trailer code 



The RIM loader can only be used in conjunction with the ASR33 reader (not 
the high-speed perforated -tape reader). Because a tape in RIM format is, in 
effect, twice as long as it need be, it is suggested that the RIM loader be used 
only to read the binary loader when using the ASR33. (Note that PDP-8 diag- 
nostic program tapes are in RIM format.) 

The complete PDP-8/1 RIM loader (SA = 7756) is as follows: 



Tag 
BEG, 



Absolute 


Octal 


Address 


Content 


7756, 


6032 


7757, 


6031 


7760, 


5357 


7761, 


6036 


7762, 


7106 


7763, 


7006 


7764, 


7510 


7765, 


5357 


7766, 


7006 


7767, 


6031 


7770, 


5367 


7771, 


6034 


7772, 


7420 


//73, 


3776 


7774, 


3376 


7//'5, 


5356 


7776, 





7777, 


5XXX 



TEMP, 



nstruction 1 Z 


Comments 


KCC 


/CLEAR AC AND FLAG 


KSF 


/SKIP IF FLAG = 1 


JMP.-l 


/LOOKING FOR CHARACTER 


KRB 


/READ BUFFER 


CLL RTL 




RTL 


/CHANNFI 8 IN ACO 


SPA 


/CHECKING FOR LEADER 


JMPBEG-i-1 


/FOUND LEADER 


RTL 


/OK, CHANNEL 7 IN LINK 


KSF 




JMP.-l 




KRS 


/READ, DO NOT CLEAR 


SNL 


/CHECKING FOR ADDRESS 


OCA 1 TEMP 


/STORE CONTENT 


DCATEMP 


/STORE ADDRESS 


JMP BEG 


/NEXT WORD 





/TEMP STORAGE 


JMPX 


/JMP START OF BIN LOADER 
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Placing the RiM ioader in core memory by way of the operator consofe keys 
and switches is accomplished as follows: 

1. Set the starting address 7756 in the switch register (SR). 

2. Press LOAD ADDRESS key. 

3. Set the first instruction (6032) in the SR. 

4. Press the DEPOSIT key. 

5. Set the next instruction (6031) in the SR. 

6. Press DEPOSIT key. 

7. Repeat steps 5 and 6 until all 16 instructions have been deposited. 

To load a tape in RIM format, place the tape in the reader, set the SR to the 
starting address 7756 of the RIM loader (not of the program being read) press 
the LOAD ADDRESS key, press the START key, and start the Teletype reader. 

Refer to Digital Program Library document DEC-08-LRAA-D for additional infor- 
mation on the Readin Mode Loader program. 

BINARY LOADER 

The binary loader (BIN) is used to read machine language tapes (in binary 
format) produced by the program assembly language (PAL). A tape in binary 
format is about one-half the length of the comparable RIM format tape. It can, 
therefore, be read about twice as fast as a RIM tape and is, for this reason, 
the more desirable format to use with the 10 cps ASR33 reader or the Type 
PR8/I High-Speed Perforated-Tape Reader. 

The format of a binary tape is as follows: 

LEADER: about 2 feet of leader-trailer codes. 

BODY: characters representing the absolute, machine language program 
in easy-to-read binary (or octal) form. The section of tape may contain 
characters representing instructions (channel 8 and 7 not punched) or 
origin resettings (channel 8 not punched, channel 7 punched) and is 
concluded by 2 characters' (channel 8 and 7 not punched) that represent 



u wii\,v,n ouiii i\ji J.IIC Clinic acciiuri. 



iKAiLtK: same as leader. 
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Example of the format of a binary tape: 



Tape Channel 
87654S32 1 


Memory 
Location 


Content 


Comments 


1 0000 . 


00 






leader-trailer code 


10 0. 
00000 . 


010 
000 




0200 




00111. 
00000 . 


010 
000 


0200 


CLA 


origin-setting 


00001 . 
00111. 


010 

111 


0201 


TAD 277 




0001 1 . 
111. 


,010 

,110 


0202 


, DCA276 




1 1 1 . 
0000 . 


, 100 
,010 


0203 


HLT 


*■ 


1 000 . 
00111. 


,010 

111 




0277 


origin-setting 


0. 
00101 . 


, 000 

, oil 


0277 


0053 




00001 . 
00000 . 


, 000 

111 




1007 


sum check 


1 0000 . 


, 000 






leader-trailer code 



After a BIN tape has been read in, one of the two following conditions exists: 

a. No checksum error: halt with AC = 

b. Checksum. error: halt with AC = (completed checksum) — (tape check- 
sum) 

Operation of the BIN loader in no way depends upon or uses the RIM loader. 
To load a tape in BIN format place the tape in the reader, set the SR to 7777 
(the starting address of the BIN loader), press the LOAD ADDRESS key, set SR 
switch up for loading via the Teletype unit or down for loading via the high 
speed reader, then press the START key, and start the tape reader. 

Refer to Digital Program Library document Digital-8-2-U [DEC-08-LBAA-D] for 
additional information on the Binary Loader program. 
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APPENDIX E 

SCALES OF NOTATION 



2" IN DECIMAL 



0.001 


1.00069 33874 62581 


0.01 


1.00695 55500 56719 


0.1 


1 07177 34625 36293 


0.002 


1.00138 72557 11335 


0.02 


1.01395 94797 90029 


0.2 


1.14869 83549 97035 


0.003 


100208 16050 79633 


0.03 


1.02101 21257 07193 


0.3 


1.23114 44133 44916 


0.004 


1.00277 64359 01078 


0.04 


1.02811 38266 56067 


0.4 


1.31950 79107 72894 


0.005 


1.00347 17485 09503 


0.05 


1.03526 49238 41377 


0.5 


1.41421 35623 73095 


0.006 


1.00416 75432 38973 


0.06 


1.04246 57608 41121 


0.6 


1.51571 6566S 10398 


0.007 


1.00486 38204 23785 


0.07 


1.04971 66836 23067 


0.7 


1.62450 47927 12471 


O.OOS 


1.0QSS6 0SS03 9S46S 


0.08 


1.05701 80405 61380 


OS 


1.74110 11263 92248 


0.009 


1.00625 78234 97782 


0:09 


1.06437 01824 53360 


0.9 


1.86606 59830 73615 



10" 



10- 



10-" IN OCTAL 

10" 





1 

12 

144 

1 750 

23 420 



1 
2 
3 
4 


3 

46 

575 

346 


303 240 
641 100 
113 200 
360 400 
545 000 


5 
6 
7 
8 
9 



1.000 000 000 000 000 000 00 

0.063 146 314 631 463 146 31 

0.005 075 341 217 270 243 66 

0.000 406 111 564 570 651 77 

0.000 032 155 613 530 704 15 

0.000 002 476 132 610 706 64 

0.000 000 206 157 364 055 37 

0.000 000 015 327 745 152 75 

0.000 000 001 257 143 561 06 

0.000 000 000 104 560 276 41 



112 402 762 000 

1 351 035 564 000 

16 432 451 210- 000 

221 411 634 520 000 

2 657 142 036 440 000 

34 327 724 461 500 000 

434 157 115 760 200 000 

5 432 127 413 542 400 000 

67 405 553 164 731 000 000 



n lO- 

10 0.000 000 000 006 676 337 66 

11 0.000 000 000 000 537 657 77 

12 0000 000 000 000 043 136 32 

13 0.000 000 000 000 003 411 35 

14 0.000 000 000 000 000 264 11 

15 0.000 000 000 000 000 022 01 

16 0.000 000 000 000 000 001 63 

17 0.000 000 000 000 OOO 000 14 

18 0.000 000 000 000 000 000 Oi 



n Iogio2 



n log^o 2. n loga 10 IN DECIMAL 

n log] 10 n n logic 2 



1 


0.30102 


99957 


3.32192 


80949 


2 


0.60205 


99913 


6.64385 


61898 


3 


0.90308 


99870 


9.96578 


42847 


4 


1.20411 


99827 


13.28771 


23795 


5 


1.50514 


99783 


16.60964 


04744 



10 



1.80617 99740 
2.10720 99696 
2.40823 99653 
2.70926 99610 



n log] 10 

19.93156 85693 
23.25349 66642 
26.57542 47591 
29.89735 28540 



3.01029 99566 33.21928 09489 



ADDITION AND MULTIPLICATION TABLES 

Addition Multiplication 

Binary Scale 





0+1 


+ 
= 1+0 

1 + 1 


= 
= 1 
= 10 








X 


1 = 


X 

1 X 
1 X 


= 

= 

1 = 





1 


















Octal Scale 



















01 


02 


03 


04 


05 


06 


07 


1 


02 


03 


04 


05 


06 


07 


1 


02 


03 


04 


OS 


06 


07 


10 


2 


04 


06 


10 


12 


14 


16 


2 


03 


04 


OS 


06 


07 


10 


11 


3 


06 


U 


14 


17 


22 


25 


3 


04 


05 


06 


07 


10 


11 


12 


4 


10 


14 


20 


24 


30 


34 


4 


05 


06 


07 


10 


11 


12 


13 


5 


12 


17 


2* 


31 


36 


43 


5 


06 


07 


10 


11 


12 


13 


14 


6 


14 


22 


3Q 


38 


44 


S2 


6 


07 


10 


11 


12 


13 


14 


IS 


7 


16 


25 


34 


43 


52 


61 


7 


10 


11 


12 


13 


14 


15 


16 

















MATHEMATICAL CONSTANTS IN OCTAL SCALE 



ir = 3.11037 552421, « = 2.55760 521305i y = 

ir-" = 0.24276 301556i e-' = 0.27426 530661i In 7 = 

y/n = 1.61337 611067, v e" = 151411 230704i log]T = 

lnjr= 1.11206 404435, lo8;i»e= 0.33626 754251, V2 = 

logi JT = 1.51544 163223, logi e = 1.34252 166245. In 2 = 

ViO = 3.12305 407267, logj 10 = 3.24464 741136, In 10 = 



0.44742 147707, 

- 0.43127 233602, 

- 0.62S73 030645, 
1.32404 746320, 
0.54271 027760, 
2.23273 067355, 
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APPENDIX F 



2 

4 

8 

16 

32 

64 

128 

256 

512 

1 024 

2 048 

4 096 

5 192 



16 
33 



17 



16 384 
32 768 
65 536 
131 072 
262 144 
524 288 

1 048 576 

2 097 152 
4 194 304 
8 .388 608 

777 216 

554 432 

67 103 864 

134 217 728 

268 435 456 

536 870 912 

073 741 824 

147 483 848 

294 967 296 

589 934 592 

179 869 184 

34 359 738 368 

68 719 476 736 

137 438 953 472 

274 877 906 944 

549 755 813 888 

1 099 511 627 776 

2 199 023 255 552 
4 398 046 511 104 
8 796 093 022 208 

17 592 186 044 416 
35 184 372 038 832 
70 368 744 177 664 
140 737 488 355 328 
231 474 976 710 656 
562 949 953 421 312 

1 125 899 906 842 634 

2 251 799 813 985 248 
4 503 599 627 370 496 
9 007 199 254 740 992 

18 014 398 509 481 984 
J6 028 797 018 963 968 
72 057 594,037 927 936 
144 115 188 075^^355 872 
288 230 376 151 711 744 
576 460 752 303 423 488 
1 152 921 504 606 846 976 



1 .0 

1 ■ 0.5 

2 0.25 

3 0.125 . ■ ■ 

4 0.062 5 

5 0.031 25 

6 0.015 625 

7 0.007 812 5 

8 0.003 906 25 

9 0.001 953 125 

10 0.000 976 562 5 ^ 

" 0.000 488 281 25 

'2 0.000 244 140 625 

'3 0.000 122 070 312 5 

1" O.OOO 061 035 156 25 

'5 0.000 OX 517 578 125 

'* 0.000 015 258 789 062 5 

17 0.000 007 629 394 531 25 

2,8. 0.000 003 814 697 265 625 

'9 0.000 001 907 348 632 812 5' 

20 0.000 000 953 674 316 406 25 

21 0.000 000 476 83Z 158 203 125 , ' 

22 0,000 000 238 418 579 101 562 5 

23 0.000 000 119 209 289 550 781 25 

24 0.000 000 059 604 644 775 390 625 

25 0.000 000 029 802 322 387 695 312 5 

26 0.000 000 014 90l' 161 193 847 656 25 

27 0.000 000 007 450 530 596 923 808 125 
28^ 0.000 000 003 725 290 298 461 914 062 5 

29 0.000 000 001 362 645 149 230 957 031 25 

30 0.000 000 OOO 931 322 574 615 478 515 625 

31 0.000 000 000 465 661 287 X7 739 257' 812 5 

32 0.000 000 OOO 232 830 643 653 869 628 906 25 

33 0.000 000 OOO 116 415 321 326 934 814 453 125 

34 0.000 000 000 058 207 660 913 467 407 226 562 5 

35 0.000 000 000 029 103 830 456 733 703 613 081 25 

36 0.000 000 000 014 551 915 228 366 851 806 640 625 

37 0.000 000 000 007 275 957 614 183 425 903 320 312 5 

38 0.000 000 OOO 003 637 978 807 091 712 951 660 156 25 

39 0.000 000 000 001 818 989 403 545 856 475 830 078 125 

40 0.000 000 000 000 909 494 701 772 928 237 915 039 062 5 

41 0.000 000 OOO 000 454 747 350 886 464 118 957 519 531 25 

42 0.000 000 000 000 227 373 675 443 232 059 478 759 765 625 

43 0.000 000 000 000 113 686 837 721 616 029 739 379 882 812 5 

44 0.000 000 000 000 056 843 418 860 808 014 369 689 941 406 25 

45 0.000 000 000 000 028 421 709 430 404 007 434 844 970 703 125 

46 0.000 000 000 000 014 210 854-715 202 003 717 422 485 351 562 5 

47 0.000 000 000 000 007 105 427 357 601 001 858 711 242 675 781 25 

48 0.000 000 000 000 003 552 713 678 800 500 929 355 621 337 890 625 

49 0.000 000 000 000 001 776 356 839 400 250 464 677 810 668 945 312 5 

50 ' 0.000 000 000 000 000 888 178 419 700 125 232 338 905 334 472 656 25 

51 0.000 000 000 OOO 000 444 089 209 850 062 616 169 452 667 236 328 125 

52 0.000 000 000 000 000 222 044 604 925 031 308 084 726 333 668 164 062 '5 

53 0.000 000 000 000 000 111 022 302 462 515 654 042 363 166 334 582 031 25 

54 0.000 000 000 000 000 055 511 15! 231 257 827 021 171 513 417 041 015 625 

55 0.000 000 000 000 000 027 755 575 615 628 913 510 590 791 708 520 507 812 5 

56 0.000 000 000 000 000 013 877 787 307 814 456 755 215 395 854 260 253 906 25 

57 0.000 000 OOO 000 000 006 938.893 903 907 228 377 647 697 927 130 126 953 125 

58 0.000 000 000 000 000 003 469 446 951 953 614 188 823 848 963 565 063 476 562 5 

59 0.000 000 000 000 000 001 734 723 475 976 807 094 411 924 481 782 531 733 281 25 

60 O.OOO 000 000 000 OOO 000 867 361 737 988 403 547 205 962 240 891 265 369 140 "625 
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APPENDIX G 



OCTAL-DECIMAL CONVERSION 

OCTAL-DECIMAL INTEGER CONVERSION TABLE 



0000 

to 
077/ 
(Octal) 



0000 

to 

0511 

(Decimal) 



Octal 


Decimal 


10000 


4096 


20000 


8192 


30000 


12288 


40000 


16384 


50000 


20480 


60000 


24576 


70000 


28672 



0000 
OOIO 
0020 
0030 
0040 
0050 
00«0 
0070 

0100 
Olio 
0120 
0130 
01 40 
01 SO 
0160 
0170 

0200 
0210 
0220 
0230 
0240 
0250 
0260 
0270 

0300 
0310 
0320 
0330 
0340 
0350 
0360 
0370 



1 



0000 0001 

0008 0009 

0O16 0017 

0024 0025 

0032 0033 

0040 0041 

0048 0049 

0056 0057 

0064 0065 

0072 0073 

0080 0081 

0088 0089 

0096 0097 

0104 0105 

0112 0113 

0120 0121 



0002 
OOIO 
0018 
0026 
0034 
0042 
0050 
0O58 



0001 
0011 
0019 
0027 
0035 
0043 
0051 
0059 



0066 0067 

0074 0075 

0082 0083 

0090 0091 

0098 0099 

0106 0107 

0114 0115 

0122 0123 



0004 0005 

0012 0013 

0020 0021 

0028 0029 

0036 0037 

0044 0045 

0052 0053 

0060 0061 

0068 0069 

0076 0077 

0084 0085 

0092 0093 

0100 0101 

0108 0109 

0116 0117 

0124 0125 



1000 

to 
1777 



0512 
to 

1023 



I 1000 

I 1010 

11020 

1030 



0128 
0136 
0144 
0152 
0160 
0168 
0176 
0184 

0192 
0200 
0208 
0216 
0224 
0232 
0240 
0248 



0129 0130 

0137 0138 

0145 0146 

0153 0154 

0161 0162 

0169 0170 

0177 0178 

0185 0186 



0131 
0139 
0147 
0155 
0163 
0171 
0179 
0187 



0193 
0201 
0209 
0217 
0225 
0233 
0241 
0249 



0194 0195 

0202 0203 

0210 0211 

0218 0219 

0226 0227 

0234 0235 

0242 0241 

0250 0251 



0132 
0140 
0148 
0156 
0164 
0172 
0180 
0188 

0196 
0204 
0212 
0220 
0228 
0236 
0244 
0252 



0133 
0141 
0149 
0157 
0165 
0173 
0181 
0189 



0006 0007 

0014 0015 

0022 0023 

0030 0031 

0038 0039 

0046 0047 

0054 0055 

0062 0063 

0070 0071 

0078 0079 

0086 0087 

0094 0095 

0102 0101 

Olio nil! 

0118 0119 

0126 0127 

0134 0135 

0142 0143 

0150 0151 

0158 0159 

0166 0167 

0174 0175 

0182 0183 

0190 0191 



0197 0198 0199 

0205 0206 0207 

0211 0214 0215 

0221 0222 0221 

0229 0210 0211 

0237 0218 0219 

0245 0246 0247 

0251 0254 0255 



0400 
0410 
0420 
0410 
0440 
0450 
0460 
0470 

0500 
0510 
0520 
0510 
0540 
0550 
0560 
0570 

0600 
0610 
0620 
0610 
0640 
0650 
0660 



I 



6 



0256 
0264 
0272 
0280 
0288 
0296 
0304 
0112 

0120 
0128 
0136 
0344 
0352 
0360 
0368 
0176 

0184 
0192 
0400 
0408 
0416 
0424 
0432 



0670 i 0440 



0257 0258 

0265 0266 

0273 0274 

0281 0282 

0289 0290 

0297 0298 

0305 0106 

0113 0314 

0121 0322 

0329 0330 

0117 0138 

0145 0346 

0151 0154 

0361 0362 

0169 0170 

0377 0378 

0185 0186 

0393 0194 

0401 0402 

0409 0410 

0417 0418 

0425 0426 

0411 0434 

0441 0442 



0259 
0267 
0275 
0283 
0291 
0299 
0307 
0315 

0323 
0111 
0139 
0147 
0155 
0363 
0371 
0179 



0260 0261 

0268 0269 

0276 0277 

0284 0285 

0232 0291 

0100 0101 

0308 0309 

0316 0317 



0324 
0312 
0140 
0348 
0356 
0164 
0372 
0180 



0125 
0333 
0341 
0149 
0357 
0165 
0173 
0181 



0262 0261 

0270 0271 

0278 or 9 

0286 0267 

0294 0295 

0302 0103 

0310 0111 

0316 0319 

0326 0127 

0334 0335 

0342 0341 

0150 0351 

0158 0159 

0166 0367 

0174 0375 

0382 0383 



0387 0388 

0395 0396 

0403 0404 

0411 0412 

0419 0420 

0427 0428 

0435 0436 

0441 0444 



0189 0190 

0397 0398 

0405 0406 

0413 0414 

0421 0422 

0429 0430 

0437 0418 

0445 0446 



0391 
0199 
0407 
0415 
0423 
0431 
0439 
0447 



0700 
0710 
0720 
0730 
0740 
0750 
0760 
0770 



0448 
0456 
0464 
0472 
0480 
0488 
0496 
D504 



0449 
0457 
0465 
0473 
0481 
0489 
0497 
0505 



0450 
0458 
0466 
0474 
0482 
0490 
0498 
0506 



0451 
0459 
0467 
0475 
0481 
0491 
0499 
0507 



0452 
0460 
0468 
0476 
0484 
0492 
0500 
0508 



0453 
0461 
0469 
0477 
0485 
0493 
0501 
0509 



0454 0455 

0462 0463 

0470 0471 

0478 0479 

0486 0487 

0494 0495 

0502 0503 

0510 0511 



0512 
0520 
0528 
0536 



(uetai) 1 luecimain 



1 U4U I u:>44 
1050 1 0552 



0511 
0521 
0529 
0537 
0545 
0553 



0514 
0522 
0530 
0518 
0546 
0554 



0515 0516 

0521 0524 

0531 0532 

0519 0540 

0547 0548 

0555 0556 



AKCi nE>« ncBii 



0517 
0525 
0531 
0541 
0549 
0557 



-+- 



0518 0519 1400 I 0768 0769 

0526 0527 1410 1 0776 0777 

0514 0515 1420 0784 0785 

0542 0543 1 1 1430 i 0792 0791 

G55C 055i j I i44-j j uttJU OoOt 

0558 0559 1 1 1450 10808 0809 



0770 
0778 
0786 
0794 
0602 
0810 



1070 


0568 


0569 


0570 


0571 


0572 


0573 


0574 


0575-1 


1100 0576 


0577 


0578 


0579 


0580 


0511 


0582 


0583 


1110 0584 


0585 


0586 


0587 


0588 


0689 


0590 


0591 


1120 


0592 


0591 


0594 


0595 


0596 


0597 


0598 


0599 


1110 


0600 


0601 


0602 


0603 


0604 


0605 


O«06 


0607 


1140 


0608 


0609 


0610 


0611 


0612 


0611 


0614 


0615 


■ ISO 


0616 


0617 


0618 


0619 


0620 


0621 


0622 


0623 


1160 


0624 


0625 


0626 


0627-0628 


0629 


0630 


0631 


1170 


0632 


0613 


0634 


0615 


0636 


0617 


0638 


0639 


1200 


0640 


0641 


0642 


0641 


0644 


0645 


0646 


0647 


1210 


0648 


0649 


0650 


0651 


0652 


0651 


0654 


0655 


1220 


0656 


0657 


0658 


0659 


0660 


0661 


0662 


0663 


1230 


0664 


0665 


0666 


0667 


0663 


0669 


0670 


0671 


1240 


0672 


0673 


0674 


0675 


0676 


0677 


0678 


0679 


1250 


0680 


0681 


0682 


0683 


0684 


0685 


0686 


0687 


1260 


0688 


0689 


0690 


0691 


0692 


0693 


0694 


0695 


1270 


0696 


0697 


0698 


0699 


0700 


0701 


0702 


0701 


1300 


0704 


0705 


0706 


0707 


0708 


0709 


0710 


0711 


1310 


0712 


071J 


0714 


0715 


0716 


0717 


0718 


0719 


1320 


0720 


0721 


0722 


0723 


0724 


0725 


0726 


0727 


1330 


0728 


0729 


0730 


0731 


0732 


0733 


0734 


0715 


1340 


0716 


0737 


0738 


0739 


0740 


0741 


0742 


0741 


1350 


0744 


0745 


0746 


0747 


0748 


0749 


0750 


0751 


1360 


0752 


0751 


0754 


0755 


0756 


0757 


0758 


0759 


1170 


0760 


0761 


0762 


0763 


0764 


0765 


0766 


0767 



1470 0824 0825 0826 



I 
1500 0832 

1511110840 

1520 0848 
I 1530:0856 
1 540 I 0864 
1 550; 0872 
1560 0880 
1570 0888 



1600 
1610 
1620 
1630 
1640 



0831 
0841 
0849 
0857 
0865 
0871 
0881 
0889 



0814 
0842 
0850 
0858 
0866 
0874 
0882 
0890 



0896 
0904 
0912 
0920 
0928 



1650,0916 
1660 10944 
1670 10952 



0897 0898 

0905 0906 

0913 0914 

0921 0922 

0929 0930 

0937 0938 

0945 0946 

0953 0954 



1700 
1710 
1720 
1730 
1740 
1750 
1760 
1770 



0960 0961 

0968 0969 

0976 0977 

0984 0S85 

0992 0993 

lOOC 1001 

1008 1009 

1016 1017 



0962 
0970 
0978 
0986 
0994 
1002 
1010 
1018 



0771 0772 

0779 0790 

0787 0788 

0795 0796 

Ooul vo04 

0811 0812 

nRio nHvii 

0827 0828 

0815 0816 

0843 0844 

0851 0852 

0859 0860 

0867 0868 

0875 0876 

0883 0884 

0891 0892 

0899 0900 

0907 0908 

0915 0916 

0923 0924 

0931 0932 

0939 0940 

0947 0948 

0955 0356 

0963 0964 

0971 0972 

0979 0980 

0987 0988 

0995 0996 

1003 1004 

1011 1012 

1019 1020 



0773 0774 0775! 

0781 0782 0783 

0789 0790 079 li 

0797 0798 0799, 

AB/M npnm rtaA*fi 

WW^ WUU XIUU t I 

0813 0814 0815^ 

0829 0830 0831 



0817 


0818 


0819 


0845 


0846 


0847 


0851 


0854 


0855 


0861 


0862 


0863 


0869 


0870 


0871 


0877 


0678 


0879 


0885 


0886 


0887 


0191 


0894 


0895 



0901 0902 

0909 0910 

0917 0918 

0925 0926 

0931 0914 

0941 0942 

0949 0950 

0957 0958 

0965 0966 

0971 0974 

0981 0982 

0989 0990 

0997 -0998 

1005 1006 

1011 1014 

1021 )022 



0903 
0911 
0919 

0927 
0935 
0943 
0951 
0959 

0967 
0975 
0983 
0991 
0999 
1007 
1015 
1023 
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OCTAL-DECIMAL INTEGER CONVERSION TABLE (continued) 







1 


2 


3 


4 5 6 


7 




1 2 


3 


4 


5 6 7 


2000 m'^ 1 


2000 


1024 102&. 1026 


ion 


1028 1029 1030 


1031 


2400 


1280 1281 1282 


1283 


1204 


1285 1286 1287 


to 


to 


20tO 


1032 1033 


1034 


1035 


1036 1037 1038 


1039 


2410 


1288 1269 1290 


1291 


1292 


1293 1294 1295 


2777 


1535 


2020 


1040 1041 


1042 


1043 


1044 104S 1046 


1047 


2420 


1296 1297 1298 


1299 


1300 


1301 1302 1303 


(Octal) 


fD«:iman 


2030 


1048 1049 


1050 


1051 


1052 1033 1054 


1055 


2430 


1304 1305 1306 


1307 


1308 


1309 1310 1311 




2040 


1056 1057 


1058 


1059 


1060 1061 1062 


1063 


2440 


1312 1313 1314 


1315 


1316 


1317 1318 1319 




20SO 


1064 1065 


1066 


1067 


1068 1069 1070 


1071 


2450 


1320 1321 1322 


1323 


1324 


1325 1326 1327 




20CO 


1072 1073 


1074 


1075 


1076 1077 1078 


1079 


2460 


1328 1329 1330 


1331 


1332 


1333 1334 1335 


Octal Decimal 


2070 


10(0 1081 


1082 


1063 


1084 1085 1066 


1087 


2470 


1336 1337 1338 


1339 


1340 


1341 1342 1343 


10000- 4096 
























20000- 8192 


2100 


1088 1U89 


1090 


1091 


1092 1093 1094 


1095 


2500 


1344 1345 1346 


1347 


1348 


1349 1350 1351 


.^WXXX) - 12288 


2110 


1096 1097 


1098 


1099 


1100 IIOI 1102 


1103 


2510 


1352 1353 1354 


1355 


1356 


1357 1358 1359 


40000-16384 


2120 


1104 1105 


1106 


1107 


1108 1109 1110 


lilt 


2520 


1360 IKl 1362 


1363 


1364 


1365 1366 1367 


50000-20480 


2130 


1112 111} 


1114 


1115 


1116 1117 1118 


1119 


2530 


1368 1369 1370 


1371 


1372 


1373 1374 1375 


60000 - 24576 


2140 


1120 1121 


1122 


i:23 


1124 1125 1126 


1127 


2540 


1376 1377 1378 


1379 


1380 


1381 1382 1383 


70000 - 28672 


21 SO 


1128 1129 


1130 


1131 


1132 1133 1134 


1135 


2550 


1384 1385 1386 


1387 


1388 


1389 1390 1391 




2160 


1136 1137 


1138 


1139 


1140 1141 1142 


1143 


2560 


1392 1393 1394 


1395 


13H 


1397 1398 1399 




2170 


1144 1145 


1146 


1147 


1148 1149 1150 


1151 


2570 


1400 1401 1402 


1403 


1404 


1405 1406 1407 




2200 


1152 1153 


1154 


USS 


1156 1157 1158 


1159 


2600 


1408 1409 1410 


1411 


1412 


1413 1414 141S 




2210 


1160 1161 


1162 


1163 


1164 1165 M66 


1167 


2610 


1416 1417 1418 


1419 


1420 


1421 1422 1423 




2220 


1168 1169 


1170 


U7I 


1172 1173 1174 


1175 


2620 


1424 1425 1426 


1427 


1428 


1429 1430 1431 




2230 


1176 1177 


1178 


1179 


1180 1181 1182 


1183 


2630 


1432 1433 1434 


1435 


1436 


1437 1438 1439 




2240 


1184 1185 


1186 


iir» 


1188 1189 1190 


1191 


2640 


1440 1441 1442 


1443 


1444 


1445 1446 1447 




22S0 


1192 1193 


1194 


1195 


1196 1197 1198 


1199 


765r> 


1446 1449 1450 


1451 


1452 


1453 1454 I4S» 




22C0 


1200 1201 


1202 


1203 


1204 1205 1206 


1207 


2660 


1456 1457 1458 


1459 


1460 


1461 1462 1463 




2270 


1208 1209 


1210 


1211 


1212 1213 1214 


1215 


2670 


1464 1465 1466 


1467 


1468 


1469 1470 1471 




2300 


1216 1217 


1218 


1219 


1220 1221 1222 


1223 


2700 


1472 1473 1474 


1475 


1476 


1477 1478 147» 




2310 


1224 1225 


1226 


1227 


1228 1229 1230 


1231 


2710 


1480 1481 1482 


J4S3 


1484 


1485 1486 1487 




2320 


1232 1233 


1234 


1235 


1236 1237 1238 


1239 


2720 


1488 1489 1490 


1491 


1492 


1493 149^ 149S 




2330 


1240 1241 


1242 


1243 


1244 1245 1246 


1247 


2730 


1496 1497 1498 


1499 


1500 


1501 1502 1503 




2340 


1248 1249 


1250 


I2S1 


1252 1253 1254 


1255 


2740 


1504 1505 1506 


1507 


1508 


1509 1510 1511 




23S0 


1256 i;257 


1258 


iza 


1260 1261 1262 


1263 


nso 


1512 1513 1514 


1515 


1516 


1517 1518 1519 




2360 


1264 n65 


1266 


1267 


1268 1269 1270 


1271 


2760 


1520 1521 1522 


1523 


1524 


1525 1526 1527 




2370 


1272 1273 


1274 


1275 


1276 1277 1278 


1279 


2770 


1528 1529 1530 


1531 


1532 


1533 1534 1535 




























1 


2 


3 


4 5 6 


7 




1 2 


3 


4 


5 6 7 


3000 


1536 


3000 


1536 1537 


1538 


1539 


1540 1541 1542 


1543 


3400 


1792 1793 1794 


1795 


1796 


1797 1798 1799 


to 


to 


3010 


1544 1545 


1546 


1547 


1548 1549 1550 


1551 


3410 


1800 1801 1802 


1*03 


1804 


1805 1806 1807 


3777 


2047 


3020 


1552 1553 


1554 


1555 


1556 1557 1558 


1559 


3420 


1808 1809 1810 


1811 


1812 


1813 1814 1815 


(Octal) 


(Decimal) 


3030 


1560 1561 


1562 


1563 


1564 1565 1566 


1567 


3430 


1816 1817 1818 


I8I9 


1820 


1821 1822 1823 


* 


3040 


1568 1569 


1570 


1571 


1572 1573 1574 


1575 


M40 


1824 1825 1826 


1827 


1828 


1829 1830 1831 




30&0 


1576 1577 


1578 


1579 


1580 1581 1582 


1583 


3450 


1832 1833 1834 


1835 


1836 


1837 1838 1839 




3060 


1584 1585 


1586 


1587 


1588 1589 1590 


1591 


3460 


1840 1841 1842 


1843 


1*844 


1845 1846 1847 




3070 


1592 1593 


1594 


1595 


1596 1597 1598 


1599 


3470 


1848 1849 1850 


1851 


1852 


1853 1854 1855 




3100 


1600 1601 


1602 


1603 


1604 1605' 1606 


1607 


3500 


1856 1857 1858 


1859 


1860 


1861 1862 1863 


^- 


3110 


1608 1809 


1610 


1611 


1612 1613 1614 


1615 


3510 


1864 1865 1866 


1867 


1S6» 


1869 1870 1871 




3120 


1616 1617 


1618 


1619 


1620-1621 1622 


1623 


3520 


1872 1873 1874 


1875 


1876 


1877 1878 1879 




3130 


1624 1625 


1626 


1627 


1628 1629 1630 


1631 


3530 


1880 1881 1882 


1883 


1884 


1885 1886 1887 




3140 


1632 1633 


1634 


1635 


1636 1637 1638 


1639 


3540 


1888 1889 1890 


!f^ 


1892 


1893 1894 1895 




3150 


1640 1641 


1642 


1643 


1644 1645 1646 


1647 


3550 


1896 1897 1898 


1900 


1901 1902 1903 




3160 


1648 1649 


1650 


1651 


1652 1653 I6j4 


1655 


3560 


1904 1905 1906 


1907 


1908 


1909 1910 1911 




3170 


1656 1657 


1658 


1659 


1660 1661 1662 


1663 


3570 


1912 1913 1914 


1915 


1916 


1917 1918 1919 




3200 


1664 1665 


1666 


1667 


1668 1669 1670 


1671 


3600 


1920 1921 1922 


1923 


1924 


1925 1926 1927 




3210 


1672 1673 


1674 


1675 


1676 1677 1678 


1679 


3610 


1928 1929 1930 


1931 


1932 


1933 1934 1935 




3220 


1680 1681 


1682 


1683 


1684 1685 1686 


1687 


3620 


1936 1937 1938 


1939 


1940 


1941 1942 1943 




3230 


1688 1689 


1690 


1691 


1692 1693 1694 


1695 


3630 


1944 1945 1946 


1947 


1948 


1949 1950 1951 




3240 


1696 1697 


1698 


1699 


1700 1701 1702 


1703 


3640 


1952 1953 1954 


19j5 


1956 


1957 1958 1959 




3250 11704 1705 


1706 


1707 


1708 1709 1710 


1711 


3650 


(960 1961 1962 


1963 


1964 


1965 1966 1967 




326011712 1713 


1714 


1715 


1716 1717 1718 


1719 


3660 


1968 1969 1970 


1971 


1972 


1973 1974 1975 




3270 j 1720 1721 

1 


1722 


1723 


1724 1725 1726 


1727 


3670 


1976 1977 1978 


1979 


1980 


1981 1982 1983 




3300:1728 1729 


1730 


1731 


1732 1733 1734 


1735 


3700 


1984 1985 1986 


1987 


1988 


1989 1990 1991 




3310 


1736 1737 


1738 


1739 


1740 1741 1742 


1743 


3710 


1992 1993 1994 


199S 


1996 


1997 1998 1999 




3320 


1744 1745 


1746 


1747 


1748 1749 1750 


1751 


3720 


2000 2001 2002 


2003 


2004 


2005 200S 2007 




3330 


1752 1753 


1754 


1755 


1756 1757 1758 


1759 


3730 


2008 2009 2010 


2011 


2012 


20lj 2014 2015 




1340 


1760 1761 


1762 


1763 


1764 1765 1766 


1767 


3740 


2016 2017 2018 


2019 


2020 


2021 2022 2023 




3350 


1768 1769 


1770 


1771 


1772 1713 1774 


1775 


r50 


2024 2025 2026 


2027 


2028 


2029 2030 7031 


i3360 


1776 1777 


1778 


1779 


1780 1781 1782 


1783 


3760 


2032 2033 2034 


2035 


3036 


2037 2038 2039 






[3370 


1784 1785 


1786 


J 787 


1788 1789 1790 


1791 


3770 [2040 204 i 2042 


2043 


2044 


2045 2046 2047 



389 



OCTAL-DECIMAL INTEGER CONVERSION TABLE (continued) 



4000 

to 
4777 
(Octal) 

Octal 

10000 

20000 

30000 

40000 

50000 

60000 

70000 



5000 

to 
5777 

(Octal) 










1 


2 


3 


4 


5 


S 7 







1 2 


) 


4 5 


( 7 


2048 


4000 


2048 


2049 


2050 


2051 


2052 


2053 


2054 2055 


4400 


2304 


2305 230C 


2307 


2)0( 2309 


2310 1»I 


to 


4010 


2056 


2057 


2058 


2059 


2060 


2061 


2062 2063 


4410 


2312 


2313 2314 


2315 


2316 2317 


23I( 1319 


2559 


4020 


2064 


2065 


2066 


2067 


2068 


2069 


2070 2071 


4420 


2320 


2321 2322 


2323 


2324 2325 


2326 1327 


(Decimal) 


4030 


2072 


2073 


2074 


2075 


2076 


2077 


207( 2079 


4430 


2328 


2329 2330 


2331 


2332 2333 


2334 2335 


4040 


2080 


2081 


2082 


2083 


2084 


20(5 


20(6 2087 


4440 


2336 


2337 2338 


2339 


2340 2341 


2342 1M3 




40S0 


2088 


2089 


2090 


2091 


2092 


2093 


2094 2095 


4450 


2344 


2345 2346 


2347 


2348 2349' 


2350 Z35I 


Decimal 
4096 
- 8192 


4060 


2096 


2097 


2098 


2099 


2100 


2101 


2102 2103 


4460 


2352 


2353 2354 


2355 


2356 2357 


235( 235S 


4070 


2104 


2105 


2106 


2107 


2108 


2109 


2110 2111 


4470 


2360 


2361 2362 


2363 


2364 2365 


2366 23(7 


■12288 
■16384 

20480 
■24576 

28672 


4100 


2112 


2113 


2114 


2115 


2116 


2117 


2118 2119 


4500 


236( 


2369 2370 


2371 


2372 2373 


2374 2375 


4110 


2120 


2121 


2122 


2123 


2124 


2125 


2126 2127 


4510 


2376 


2377 2378 


2379 


2380 2381 


2382 23(3 


4120 


2128 


2129 


2130 


2131 


2132 


2133 


2134 2135 


4520 


2384 


2385 2386 


2387 


2388 2389 


2390 2391 


4130 


2I3S 


2137 


t 1 •kO 


2! 39 


2140 


2i4i 


2142 2143 


4530 


2392 


2393 2394 


2395 


2396 239? 


2398 2399 


4140 


2144 


2145 


2146 


2147 


2148 


2149 


2150 2151 


4540 2400 


2401 2402 


2403 


2404 2405 


2406 2407 




41S0 


2152 


2153 


2154 


2155 


2156 


2157 


2158 2159 


4550 2408 


2409 2410 


2411 


2412 2413 2414 2415{ 




4160 


2160 


2161 


2162 


2163 


2164 


2165 


2166 2167 


4560 2416 


2417 2418 


2419 


2420 2421 


2422 2423 




4170 


2168 


2169 


2170 


2171 


2172 


2173 


2174 2175 


4570 2424 


2425 2426 


2427 


2428 2429 


2430 2431 




4200 


2176 


2177 


2178 


2179 


2180 


21(1 


2182 2183 


4600 2432 


2433 2434 


2435 


2436 2437 


2438 2439 




4210 


2184 


2185 


2186 


2187 


2188 


21(9 


2190 2191 


461012440 


2441 2442 


2443 


2444 2445 


2446 2447 




4220 


2192 


2193 


2194 


2195 


2196 


2197 


2198 2199 


4620 i 2448 


2449 2450 


2451 


2452 2453 


2454 2455 




4230 


2200 


2201 


2202 


2203 


2204 


2205 


2206 2207 


4630 1 2456 


2457 2458 


2459 


2460 2461 


2462 2463 




4240 


2208 


2209 


2210 


2211 


2212 


2213 


2214 2215 


4640 2464 


2465 2466 


2467 


2468 2469 


2470 2471 




4250 


2216 


2217 


2218 


2219 


2220 


2221 


2222 2223 


4650 ■ 2472 


2473 2474 


2475 


2476 2477 


2478 2479 




4260 


2224 


2225 


2226 


2227 


2228 


2229 


2230 2231 


4660 2480 


2481 2482 


2483 


2484 2485 


2486 2487 




4270 


2232 


2233 


2234 


2235 


2236 


2237 


2238 2239 


4670 2488 


2489 2490 


2491 


2492 2493 


2494 249S 




4300 


2240 


2241 


2242 


2243 


2244 


2245 


2246 2247 


4700 2496 


2497 2498 


2499 


2500 2501 


2502 2503 




4310 


2248 


2?49 


2250 


2251 


2252 


2253 


2254 2255 


4710 2504 


2505" 2506 


2507 


2508 2509 


2510 2511 




4320 


2256 


2257 


2258 


2259 


2260 


2261 


2262 2263 


4720 2512 


2513 2514 


2515 


2516 2517 


2518 2519 




4330 


2264 


2265 


2266 


2267 


2268 


2269 


2270 2271 


473012520 


2521 2522 


2523 


2524 2525 


2526 2527 




4340 


2272 


2273 


2274 


2275 


2276 


2277 


2278 2279 


4740 2528 


2529 2530 


2531 


2532 2533 


2534 2535 




4350 


2280 


2281 


2282 


2283 


2284 


2285 


2286 2287 


4750 2536 


2537 2538 


2539 


2540 2541 


2542 2543 




4360 


2288 


2289 


2290 


2291 


2292 


2293 


2294 2295 


4760 2544 


2545 2546 


2547 


2548 2549 


2550 2551 




4370 


2296 


2297 


2298 


2299 


2300 


2301 


2302 2303 


477012552 


2553 2554 


2555 


2556 2557 


2558 2559 









, 


2 


3 


4 


5 


6 7 1 





1 2 


3 


4 5 


6 7 


2560 

to 

3071 

(Decimal) 


5000 2560 


2561 


2562 


2563 


2564 


2565 


2^66 2567 


540o!2B16 


2817 2818 


2819 


2820 2831 


2822 2(23 


5010 


2568 


2569 


2570 


2571 


2572 


2573 


2574 2575 


5410 


2824 


2825 2826 


2827 


2828 2829 


2830 28)1 


5020 


2576 


2577 


2578 2579 


2580 


2581 


2582 2583 


5420 


2832 


2333 2834 


2835 


2836 2837 


2838 2(3* 


5030 


2584 


2585 


25(6 


2587 


2588 


25M 


1590 2591 


5430 


2840 


2841 2842 


2843 


2844 2845 


2846 2(47 


5040 


2592 


2593 


2594 


25(5 


25(6 


2597 


259( 2599 


5440 


2848 


2849 2850 


2851 


2852 2853 


2854 28St 




5050 


2600 


2601 


2602 


260) 


2604 


2605 


2(06 2607 


5450 


2856 


2857 2858 


2859 


2860 2861 


2862 2(6) 




5060 


260* 


2609 


2610 


2611 


2612 


2613 


2614 2615 


5460 


2864 


2865 2866 


2867 


2868 2869 


2870 2(71 




5070 


2616 


2617 


2618 


2619 


2620 


2621 


2622 2623 


5470 


2872 


2873 2874 


2875 


2876 2877 


2(7( 2(71) 




5100 


2624 


2625 


2626 


2627 


2628 


2629 


2630 2631 


5500 


2880 


2881 2882 


2883 


2884 2885 


2886 2887 




5110 


2632 


2633 


2634 


2635 


2636 


2637 


2638 2639 


5510 


2886 


2889 2890 


2891 


2892 2893 


2894 2895 




512012640 


2641 


2642 


2643 


2644 


2645 


2646 2647 


5520 


2896 


2897 2898 


2899 


2900 2901 


2902 2903 




5130 1 2648 


2649 


2650 


2651 


2652 


2653 


2654 2655 


5530 


2904 


2905 2906 


2907 


2908 2909 


2910 2911 




5140 2656 


2657 


2658 


2659 


2660 


2661 


2662 2663 


5540 2912 


2913 2914 


2915 


291l> 2917 


2918 2919 




5150 1 2664 


2665 


2666 


2667 


2668 


2669 


2670 2671 


5550 ; 2920 


2921 2922 


2923 


2924 2925 


2926 2927 




jioG 1 £oT2 


2673 


loT-i 


2u7S 


AUI U 


2u77 


*uiw fcvia ij3uGi4>9Zo 


252? 293C 


2331 


2332 2333 


2334 Zi^<i 


"^ 


5170 


2680 


2681 


2682 


2683 


2684 


2685 


2686 26(7 


1557012936 


2937 2938 


2939 


2940 2941 


2942 2943 




5200 


2688 


2689 


2690 


2691 


2692 


2693 


2694 2695 


5600 i 2944 


2945 2945 


2947 


2948 2949 


2950 2951 




52Z0 


2525 


2*97 


269S 


2699 


2700 


270! 


2702 2703 ;56!0;20£2 


2953 2954 


2955 


JilfiR JOS? 


»iiSB S9S9 




5220 


2704 


2705 


2706 


2707 


2708 


2709 


2710 2711 


5620 12960 


2961 2962 


2963 


2964 2965 


2966 2967! 




5230 


2712 


2713 


2714 


2715 


2716 


2717 


2718 2719 


5630 12968 


2969 2970 


297; 


2972 2973 


2974 2975 




5240 


2720 


2721 


2722 


2723 


2724 


2725 


2726 2727 


5640 ! 2976 


2977 2978 


2979 


2980 2981 


2982 2M3 




5250 I 2728 


2729 


2730 


2731 


2732 


2733 


2734 2735 


5650 


2334 


2985 2986 


2937 


2958 2989 


2990 2991 




5260 


2736 


2737 


2738 


2739 


2740 


2741 


2742 2743 


5660 


2992 


2993 2994 


2995 


2996 2997 


299( 2999 




5270 


2744 


2745 


2746 


2747 


2748 


2749 


2750 2751 


5670 


3000 


3001 3002 


3003 


3004 3005 


3006 3007 




5300 


2752 


2753 


2754 


2755 


2756 


2757 


2758 2759 


5700 


3008 


3009 3010 


3011 


3012 3013 


3014 3015 




5310 


2760 


2761 


2762 


2763 


2764 


2765 


2766 2767 


5710 


3016 


3017 3018 


3019 


3020 3021 


3022 3023 




5320 


2768 


2769 


2770 


2771 


2772 


2773 


2774 2775 


5720 


3024 


3025 3026 


3027 


3028 3029 


3030 3031 




5130 


2776 


2777 


2778 


2779 


2780 


2781 


2782 2783 


5730 


3032 


3033 3034 


3035 


3036 3037 


3038 3039 




5340 


2784 


2785 


2786 


2787 


2788 


2789 


2790 2791 


5740 


3040 


3041 3042 


3043 


3044 3045 


3046 3047 




5350 


2792 


2793 


2794 


2795 


2796 


2797 


2798 2799 


5750 


3048 


3049 3050 


3051 


3052 3053 


3054 3055 




5360 


2800 


2801 


2802 


2803 


2804 


2805 


2806 2807 


5760 


3056 


3057 3058 


3059 


3060 3061 


3062 3063 




5370 


2(08 


2(09 


2810 


2811 


2(12 


2(13 


2(14 2(15 


5770 


30(4 


30(5 3066 


3067 


3068 3069 


3070 3071 



390 



OCTAL-DECIMAL INTEGER CONVERSION TABLE (continued) 







12 3 4 5 6 7 




12 3 4 5 6 7 


r 


SOOO 
1010 
5030 
1030 


3072 3073 3074 3075 3076 3077 3078 3079 
3080 3081 3082 3083 3084 3085 3086 3087 


6400 


3328 3329 3330 3331 3332 3333 3334 3335 


6000 


J»/i 


6410 


3336 3337 3338 3339 3340 3341 3342 3343 


to 


to 


3088 3089 3090 3091 3092 3093 3094 3095 
■Inat iftQT 30sa 3099 3100 3101 3102 3103 


6420 


3344 3345 3346 3347 3348 3349 3350 3351 


6777 


3583 


6430 


3352 33S'3 3354 3355 3356 3357 3358 3359 


(Octal) 


(Decimal) 


1040 '3104 3105 3106 3107 3106 3109 31 It) 3111 
JO50i3H2 3113 3114 3115 3116 3117 3118 3119 
6060^3120 3121 3122 3123 3124 3125 3126 3127 
M7o!3128 3129 3130 3I3I 3132 3133 3134 3135 


6440 


3360 3361 3362 3363 3364 3365 3366 3367 




6450 


3368 3369 3370 3371 3372 3373 3374 3375 




6460 


3376 3377 3378 3379 3380 3381 3382 3383 


Octal Decimal 


6470 


3384 3385 3386 3387 3388 3389 3390 3391 


10000- 4096 


1 , 






20000- 8192 


S10Di3136 3137 3138 3139 3140 3141 3142 3143 


6500 


3392 3393 3394 3395 3396 3397 3398 3399 


30000 - 12288 


611013144 3145 3146 3147 3148 3149 3150 3151 


6510 


3400 3401 3402 3403 3404 3405 3406 3407 


40000- 16384 


S120.3152 3153 3154 3155 3156 3157 3158 3159 


6520 3408 3409 3410 3411 3412 3413 3414 3415 


50000 - 20480 


51J0;3160 3161 3162 3163,3164 3165 3166 3167 


6530 3416 3417 3418 3419 3420 3421 3422 3423 


60000 ■ 24576 


6140hisa 3169 3170 3171 3172 3173 3174 3175 


6540 ; 3424 3425 3426 3427 3428 3429 3430 3431 


70000 - 28672 


1150 


3176 3177 3178 3179 3180 3181 3182 3183 


6550; 3432 3433 3434 3435 3436 3437 3438 3439 




)16Q 


3184 3185 3186 3187 3188 3189 3190 3191 


6560 3440 3441 3442 3443 3444 3445 3446 3447 




6170 


3192 3193 3194 3195 3196 3197 3198 3199 


6570:3448 3449 3450 3451 3452 3453 3454 3455 




6200 

6210 i 


3200 3201 3202 3203 3204 3205 3206 3207 


6600 3456 3457 3458 3459 3460 3461 3462 3463 




3208 3209 3210 3211 3212 3213 3214 3215 


6610; 3464 3465 3466 3467 3468 3469 3470 3471 




62201 


3216 3€17 3218 3219 3220 3221 3222 3223 


6620:3472 3473 3474 3475 3476 3477 3478 3479 




5230 


3224 3225 3226 3227 3228 3229 3230 3231 


663013480 3481 3482 3483 3484 3485 3486 3487 




5240 


3232 3233 3234 3235 3236 3237 3238 3239 


6640! 3488 3489 3490 M9I 3492 3493 3494 3495 




6250 


3240 3241 3242 3243 3244 3245 3246 3247 


6650 3496 3497 3498 3499 3500 3501 3502 3503 




6260 


3248 3249 3250 3251 3252 3253 3254 3255 


6660 


3504 3505 3506 3507 3508 3509 3510 3511 




6270 


3256 3257 3258 3259 3260 3261 3262 3263 


6670 


3512 3513 3514 3515 3516 3517 3518 3519 




6300 


3264 3265 3266 3267 3268 3269 3270 3271 


6700 


3520 3521 3522 3523 3524 3525 3526 3527 




6310 


3372 3273 3274 3275 3276 3277 3278 3^79 


16710 


3528 3529 3530 3531 3532 3533 3534 3535 




6320 13280 3281 3282 3283 3284 3285 3286 3287 


6720 


3536 3537 3538 3539 3540 3541 3542 3543 




6330 3238 3289 3290 3291 3292 3293 3294 3295 


,6730 


3544 3545 3546 3547 '3548 3549 3550 3551 




6340 1 3296 3297 3298 3299 3300 3301 3302 3303) 


;6740 


3552 3553 3554 3555 3556 3557 3558 3559 




6350,3304 3305 3306 3307 3308 3309 3310 3311! 


16750 


3560 3561 3562 3563 3564 3565 3566 3567 




6360 ! 3312 3313 3314 3315 3316 3317 3318 3319J 


; 6760' 3568 3569 3570 3571 3572 3573 3574 35TSJ 




6370 i 3320 3321 3322 3323 3324 3325 3326 33271 


6770 


3576 3577 3578 3579 3580 3581 3582 3S»3| 






12 3 4 5 6 7 


1 2 3 4 5 6 7 


7000 1 35a4' 


7000 
7010 
7020 
7030 
7040 
7050 
7060 
7070 


3584 3585 3588 3587 3588 3589 3590 3591 


I74OO 3840 3841 3842 3843 3844 3845 3846 384^ 


to 


to 


3592 3593 3594 3595 3596 3597 3598 3599 
J600 3601 3602 2603 3604 3605 3606 3607 


7410 3848 3849 3850 3851 3852 3853 3854 3855 


7777 


4095 


7420 3856 3857 3858 3859 3860 3861 3862 3863 


(Octal) 


(Decimal) 


3608 3609 361U 3611 3612 3613 3614 3615 
3616 J617 3618 3619 3620 3621 3622 3623 
3624 3625 3626 3627 3628 3629 3630 3631 
3632 3633 3634 3635 3636 3637 3638 3639 
3640 3641 3642 3643 3644 3645 3646 3617 


7430 i 3864 3865 3866 3867 3868 3869 3870 3871 
7440! 3872 3873 3874 3875 3876 3877 3878 3879| 




7450 


3880 3881 3882 3883 3884 3885 3886 3887 




7460 


3888 3889 3890 3891 3892 3893 3394.3895 




7470 


3896 3897 3898 3899 3900 3901 3902 3903 




7100 


3648 3649 3650 3651 3652 3653 3654 3655 


7500 


3904 3905 3906 3907 3908 3909 3910 3911 




7110 


3656 3657 3658 3659 3660 3661 3662 3663 


7510 


3912 3913 3914 3915 3916 3917 3918 3919 




7120 


3664 3665 3666 3667 3668 3669 3670 3671 


7520 


3920 3921 3922 3923 3924 3925 3926 3927 




7130 


3672 3673 3674 3675 3676 3677 3678 3679 


7530 


3928 3929 3930 3931 3932 3933 3934 3935 




7140 


3680 3681 3682 3683 3684 3685 3686 3687 


7540 


3936 3937 3938 3939 3940 3941,, 3942 3942 




7150 


3688 3689 3690 3691 3692 3693 3694 3695 


7550 


3944 3945 3946 3947 3948 3949 3950 3951 




716C 


3696 3897 3698 3699 3700 3701 3702 3703 


7560 


3952 3953 3954 3955 3956 3957 3958 3959 




7170 


3704 3705 3706 3707 3708 3709 3710 3711 


7570 


3960 3961 3962 3963 3964 3965 3966 3967 




7200 


3712 ri3 3714 3715 3716 3717 3718 3719 


7600 


3968 3969 3970 3971 3972 3973 3974 3975 




7210 


3720 3721 3722 3723 3724 3725 3726 3727 


761013976 3977 3978 3979 3980 3981 3982 3983 




T220 


3728 3»29 3730 3731 3732 3733 3734 3735 


7620 


3984 3985 3986 3987 3988 3989 3990.3991 




7230 


3736 3737 3738 3139 3740 3741 3742 3743 


7630 


3992 3993 3994 3995 3996 3997 3998 3999 




7240 


3744 374S 3746 3747 3748 3749 3750 3751 


7640 


4000 4001 4002 4003 4004 4005 4006 4007 




7250 


3752 375S 37S4 3755 S756 3757 3758 3759 


7650 


4008 4009 4010 4011 4012 4013 4014 4015 




7260 


3760 3761 3762 3763 3764 3765 3766 3767 


7660 


4016 4017 4018 4019 4020 4021 1022 4023 




T270 


3768 3769 3770 3771 3772 3773 3774 3775 


7670 


4024 4025 4026 4027 4028 4029 4030 4031 




T300 


3776 3777 3778 3779 1780 3781 3782 3783 


7700 


4032 4033 4034 4035 4036 4037 4038 4039 




7310 


3784 3785 3786 3787 3788 3789 3790 3791 


7710 


4040 4041 4042 4043 4044 4045 4046 4047 




T320 


3792 3793 37M 3795 3796 3797 3798 3799 


7720 


4048 4049 4050 4051 4052 4053 4054 4055 




7130 


3800 3801 3802 3803 3804 380S 3806 3807 


7730 


4056 4057 4058 4059 4060 4061 4062 4063 




7M0 


3808 3809 3810 3811 3812 3813 3814 3815 


7740 


4064 4065 4066 4067 4068 4069 4070,4071 




7353 


3816 3817 3818 3819 3830 3821 3622 3<23 


7750 


4072 4073 4074 4075 4076 4077 4078 4079 




7M0 


3824 3825 3626 3827 Mft 3(29 »30 3831 


7760 


4080 4981 4082 4083 4084 4085 4086 4087 






7370 


3832 3833 3634 3835 3636 3837 »» 3139 


7770 


4M« 4089 4090 4C91 4^2 4093 4094 40»S 
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OCTAL-DECiMAL FRACTION CONVERSION TABLE 



Octal 


Decimal 


Octal 


Decimal 


Octal 


Decimal 


Octal 


Decimal 


.000 


.000000 


.100 


.125000 


.200 


.250000 


.300 


.375000 


.001 


. 001953 


.101 


. 126953 


.201 


.251DD3 


.301 


* .370953 


.002 


.($03906 


.102 


.128906 


.202 


. 253906 


,302 


.37890r, 


.003 


.005859 


.103 


. 130859 


.203 


. 255859 


,303 


.380859 


.004 


.007812 


.104 


. 132S12 


.204 


.257812 


.304 


.382812 


.005 


. 009765 


.105 


. 134765 


.205 


. 259765 


.305 


.384765 


.006 


.011718 


.106 


.136718 


,206 


,261718 


.306 


.386718 


.007 


.013671 


.107 


. 138671 


.207 


. 263671 


.307 


.388671 


.010 


.015625 


.110 


. 140625 


.210 


. 265625 


.310 


.390625 


.011 


.017578 


.111 


. 142578 


.211 


.267578 


.311 


. 392578 


.012 


.019531 


.112 


. 144531 


.212 


.269531 


.312 


.394531 


.013 


.021484 


.113 


. 146484 


.213 


.271484 


.?I3 


.306484 


.014 


.023437 


.114 


. 148437 


.214 


, 273437 


.314 


.398437 


.015 


.025390 


.115 


.150390 


.215 


.275390 


.315 


. 400390 


.016 


.027343 


.116 


. 152343 


.216 


. 277343 


.316 


. 402343 


.017 


. 029296 


.117 


.154296 


.217 


.279296 


.317 


.404296 


.020 


,031250 


.120 


.156250 


.220 


.281250 


.320 


.400250 


.021 


. 033203 


.121 


. 158203 


.221 


.283203 


.321 


.408203 


.022 


.035156 


.122 


. 160156 


.222 


.285156 


.322 


.410156 


.023 


.037109 


.123 


. 162109 


.223 


.287109 


.323 


.412109 


.024 


.039062 


.124 


. 164062 


.224 


.289062 


.324 


.4H0G2 


,023 


,041015 


. 125 


icgAie 


nt- 


AA . A ; ., 












. t,*.%t 


. £3'iUl5 


.325 


.410015 


.026 


.042968 


.126 


. 167968 


.226 


.292968 


.326 


.417968 


.027 


.04492! 


.127 


. 169921 


.227 


. 294921 


.327 


.419921 


.030 


.046875 


.lib 


.171875 


.230 


.296875 


.330 


.421875 


.031 


.048828 


.131 


.173628 


.231 


.298828 


.331 


. 423828 


.032 


.050781 


.132 


,17578! 


.232 


.300781 


.332 


.425781 


.033 


.052734 


.133 


. 177734 


.233 


.302734 


.333 


.427734 


.034 


.054687 


.134 


. 179687 


.234 


. 304687 


.334 


.429687 


.035 


.056640 


.135 


.181640 


.235 


. 306640 


.335 


.431640 


.036 


.058593 


.136 


. 183593 


.236 


.308593 


.336 


. 433593 


.037 


.060546 


.137 


. 185546 


.237 


-.310546 


.337 


.435546 


.040 


.062500 


.140 


. 187500 


.240 


.312500 


.340 


.437500 


.041 


.064453 


.141 


. 189453 


.241 


.314453 


.341 


.439453 


.042 


.066406 


.142 


. 191406 


.242 


.316406 


.342 


.441406 


.043 


.068,159 


.143 


. 193359 


.243 


.318359 


.343 


.443359 


.044 


.070312 


.144 


. 195312 


.244 


.320312 


.344 


.445312 


.045 


.072265 


.145 


.197265 


.245 


.322265 


.345 


.447265 


.046 


.074218 


.146 


. 199218 


.246 


.3,24218 


.346 


.449218 


.047 


.076171 


.147 


.201171 


.247 


.326171 


.347 


.451171 


.050 


.073125 


.150 


. 203125 


.250 


. 328125 


.350 


.453125 


."051 


.080078 


.151 


.205078 


.251 


.330078 


,351 


. 4SS07R 


.052 


.082031 


.152 


.207031 


.252 


.332031 


.352 


.457031 


.053 


^Afi3«AJ 


*«•» 


.XSSSSi 














• sw 






353 




.054 


.085937 


.154 


.210937 


.254 


.335937 


.354 


.460937 1 


.055 


. 087890 


.155 


.212890 


.255 


.337890 


.355 


.462890 


.056 


.089843 


.156 


.214843 


.256 


.339843 


.356 


.464843 


.057 


nn\ftk^ 








i 








■ Wtf • ■M'V 


. «di 


.<l6l9« 


.»7 


.341796 


.357 


.466796 


.060 


.093750 


.160 


.218750 


.260 


.343750 


.360 


.468750 


.061 


.095703 


.161 


.220703 


.261 


.345703 


.361 


.470703" 


.062 


.097656 


.162 


. 222656 


.262 


.347656 


.362 


.472656 


.063 


.099609 


.163 


.224609 


.263 


.349609 


.363 


.474609 


.064 


. 101562 


.164 


.226562 


.264 


.351562 


.364 


.476567 


.065 


. 103515 


.165 


.228515 


.265 


.353515 


.365 


.478515 


.066 


.105468 


.166 


.230463 


.266 


.355468 


.366 


.440468 


.067 


. 107421 


.167 


.232421 


.267 


.357421 


.367 


.482421 


.070 


. 109375 


.170 


.234375 


.270 


. 359373 


.370 


.484375 


.071 


.111328 


.171 


.236328 


.271 


.361328 


.371 


.486328 


.072 


. 113281 


.172 


. 238281 


.272 


.363281 


.372 


.4882«1 


.073 
.074 


.115234 
.117187 


.173 
.174 


.240234 
.242187 


.273 
.274 


.365234 
.367187 


.373 
.374 


.490234 
.491187 


.075 
.076 
.077 


.119140 
. 121093 
.123046 


.175 
.176 
.177 


.244140 
.246093 
.248046 


.275 
.276 
.277 


.369140 
.371093 
.373046 


.375 
.376 
.377 


.494140 
.4M093 
.498046 
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OCTAL.DECIMAL FRACTION CONVERSION TABLE (continued) 



Octal 


Decimal 


Octal 


Decimal 


Octal 


Decimal 


Octal 


Decimal 


.000000 


.000000 


.000100 


.000244 


.000200 


. 000488 


.000300 


.000732 


ioooooi 


.000003 


.000101 


.000247 


.000201 


.000492 


.000301 


.000736 


.000002 


.000007 


.000102 


.000251 


.000202 


.000495 


.000302 


.000740 


.000003 


.000011 


.000103 


.000255 


.000203 


.000499 


.000303 


.000743 


.000004 


.000015 


.000104 


.000259 


.000204 


.000503 


.000304 


.000747 


.000005 


.000019 


.000105 


.000263 


.000205 


.000507 


.000305 


.000751 


.000006 


.000022 


.000106 


.000267 


.000206 


.000511 


.000306 


.000755 


.000007 


.000026 


.000107 


.000270 


.000207 


.00C514 


.000307 


.000759 


.000010 


.000030 


,000110 


.000274 


.000210 


.000518 


.000310 


.000762 


.000011 


.000034 


.000111 


.000278 


.000211 


.000522 


.000311 


.000766 


.000012 


.000038 


.000112 


.000282 


.000212 


.000526 


.ooo:i2 


.000770 


.000013 


.000041 


.000113 


.000286 


.000213 


.000530 


.000313 


.000774 


.000014 


.000045 


.000114 


.000289 


.000214 


.000534 


.000314 


.000778 


.OOOOIS 


.000049 


.000115 


.000293 


.000215 


.000537 


.000315 


.000782 


.OOOOIS 


.000053 


.000116 


.000297 


.000216 


.000541 


.000316 


.000785 


.000017 


.000057 


.000117 


.000301 


.00021T 


.000545 


.000317 


.000789 


.000020 


.000061 


.000120 


.00030S 


.000220 


.000549 


.000320 


.000793 


.000021 


.000064 


.000121 


.000308 


.000221 


.000553 


.000321 


.000797 


.000022 


.000068 


.000122 


.000312 


.000222 


.000556 


.000322 


.000801 


.000023 


.000072 


.000123 


.000316 


.000223 


.000560 


.000323 


.000805 


.000024 


.000076 


.000124 


.000320 


.000224 


.000564 


.000324 


.000808 


.000025 


.000080, 


.ooS^ 


.000324 


.000225 


.000568 


.000325 


.000812 


.000026 


.000083 


.000126 


.000328 


.000226 


.000572 


.000326 


.000816 


.000027 


.000087 


.000127 


.000331 


.000227 


.000576 


.000327 


.000820 


.000030 


.000091 


.000130 


.000335 


.000230 


.000579 


.000330 


.000823 


.000031 


.000095 


.000131 


.000339 


,000231 


.000583 


.000331 


.000827 


.000032 


.000094 


.000132 


.000343 


.000232 


.000587 


.000332 


.000831 


.000033 


.000102 


.000133 


.000347 


.000233 


.000591 


.000333 


.000835 


.000034 


.000106 


.000134 


.000350 


.000234 


.000595 


.000334 


.000839 


.000035 


.000110 


.000135 


.000354 


.000235 


.000598 


.000335 


.000843 


.000036 


.000114 


.000136 


.000358 


- .000236 


.000602 


.000336 


.000846 


.000037 


.000118 


.000137 


.000362 


.000237 


.000606 


.000337 


.000850 


.000040 


.000122 


.000140 


.000366 


.000240 


.000610 


.000340 


.000854 


.000041 


.000125 


.000141 


.000370 


.000241 


.000614 


.000341 


.000858 


.000042 


.00012$ 


.000142 


.000373 


.000242 


.000617 


.000342 


.000862 


.000043 


.000133 


.000143 


.00037T 


.000243 


.000621 


.000343 


.000865 


.000044 


.000137 


.000144 


.000381 


.000244 


.000625 


.0003(4 


.000869 


.000045 


.000141 


.000145 


.000385 


.000245 


.000629 


.000345 


.000873 


.000046 


.000144 


.000146 


.000389 


.000246 


.000633 


.00034t 


.000877 


.000047 


.-000148 


.000147 


.000392 


.000247 


.000637 


.000347 


.000881 


.000050 


.000152 


.000150 


.000396 


.000250 


.000640 


.000350 


.000885 


.000051 


.000156 


.000151 


.000400 


.000251 


.000644 


.000351 


.000888 


.000052 


.000160 


.000152 


.000404 


.000252 


.000648 


.000352 


.000892 


.000053 


.000164 


.000153 


.000408 


.000253 


.000652 


.000353 


.000896 


.000054 


.000167 


.000154 


.000411 


.000254 


.000656 


.000354 


.000900 


.000055 


.000171 


.000155 


.000415 


.000255 


.000659 ' 


.000355 


.000904 


.000056 


.000175 


.000156 


.000419 


.000256 


.000663 


.000356 


.000907 


.000087 


.000179 


.000157 


.000423 


.000257 


.000667 


.000357 


.000911 


.000060 


.000183 


.000160 


.000427 


.000260 


.000671 


.000360 


.000915 


.000061 


.000186 


.000161 


.000431 


.000261 


.000675 


.000361 


.000919 


.000062 


.000190 


.000162 


.000434 


.000262 


.000679 


.000362 


.000923 


.000063 


.000194 


.000163 


.000438 


.000263 


.D00682 


.000363 


.000926 


.000064 


.000198 


.000164 


.000442 


.000264 


.000686 


.000364 


.000930 


.000065 


.000202 


.000165 


.000446 


.000265 


.000690 


.000365 


.000934 


.000066 


.000205 


.000166 


.000450 


.000266 


.000694 


.000366 


.000938 


.000067 


.000209 


.000167 


.000453 


.000267 


.000698 


.000367 


.000942 


.000070 


^000213 


.000170 


.000457 


.000270 


.000701 


.000370- 


.000946 


.000071 


.000217 


.000171 


.000461 


.000271 


.000705 


.000371 


.000949 


.000072 


.000221 


.000172 


.000465 


.000272 


.000709 


.000372 


.000953 


.000073 


.000225 


.000173 


.000469 


-.000273 


.000713 


.000373 


.000957 


.000074 


.000228 


.000174 


.000473 


.000274 


.000717 


.000374 


.000961 


.000075 


.000232 


.000175 


.000476 


.000275 


..000720 


.000375 


.000965 


.000076 


.000236 


.000176 


.000480 


.000276 


.000724 


.000376 


.000968 


.000077 


.000240 


.000177 


:000484 


.000277 


.000728 


.000377 


.000972 
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OCTAL-DECIMAL FRACTION CONVERSION TABLE (continued) 



Octal Oecimal 



.000400 


.000976 


.000401 


.000980 


.000402 


.000984 


.000403 


.000988 


.000404 


.000991 


. 00040S 


.000995 


.000406 


.000999 


.00040T 


. 001003 


.000410 


.001007 


.000411 


.OOIOIC 


.000412 


. 001014 


.000413 


.001018 


.000414 


. 001022 


.0004.5 


.001026 


.000416 


.001029 


.000417 


.001033 


.000420 


.001037 


.000421 


.001041 


.000422 


.001045 


.000423 


.001049 


.000424 


.001052 


.000425 


.001056 


.000426 


.001060 


.000427 


.K)01064 


.000430 


.001068 


.000431 


.001071 


.000432 


.001075 


.000433 


.001079 


.000434 


.001083 


.000435 


.001087 


.000436 


.001091 


.000437 


.001094 


.000440 


.001098 


.000441 


.001102 


.000442 


.001106 


.000443 


.001110 


.000444 


.001113 


.000446 


iOOUlT 


.000*46 


.001121 


.000447 


.001125 


.000450 


.001129 


.000451 


.001132 


jyMu«« 


nAti^« 


.000453 


.001140 


.000454 


.001144 


,0SW55 


.001i4« 


.000456 


.OOllSS 


.000467 


.001H» 


.000460 


.001159 


.0004«1 


.001163 


.000462 


.001167 


.000463 


.001171 


.000464 


.001174 


.000465 


.00U78 


.000466 


.001182 


.000467 


.001186 


.0004TO 


.001190 


.000471 


.001194 


.000474 


.001197 


.000473 


.001201 


.000474 


.001205 


.0004'n 


.001209 


.000476 


.001213 


.000477 


.001216 



Octal Decimal 



.000500 


.001220 


.000501 


.001224 


.000502 


.001228 


.000503 


.001232 


.000504 


.001233 


.000505 


.001239 


.000506 


.001243 


.000507 


.001247 


.000510 


.001251 


.000511 


.001255 


.000512 


.001258 


.000513 


.001262 


.000514 


.001266 


.000515 


.001270 


.000516 


. 001274 


.000517 


.001277 


.ooosio 


.001281 


.000521 


.001285 


.000522 


.001289 


.000523 


.001293 


.000524 


.001296 


.000525 


.001300 


.000526 


.001304 


.000527 


.001308 


.000530 


.001312 


.000531 


.001316 


.000532 


. 001319 


.000533 


.001323 


.000534 


.001327 


.000535 


.001331 


.000536 


.W1335 


.000537 


.001338 


.000540 


.001342 


.000541 


.001346 


.000542 


.001350 


.000543 


.001354 


.000544 


.001358 


.000545 


.001361 


.000546 


.001365 


.000547 


.001369 


.000550 


.001373 


.000551 


.001377 




.vvi3oC 


.000553 


.001384 


.000554 


.001388 


.000555 


.001392 


.000556 


.001396 


,000557 


.001339 


.000560 


.001403 


.000561 


.001407 


.000562 


.001411 


.000563 


.001415 


.000564 


.001419 


000565 


.001422 


000566 


.001426 


000567 


.001430 


OO0S1O 


.001434 


000571 


.001438 


000572 


.001441 


000S79 


.001445 


000574 


.001449 


000575 


.001453 


000576 


.001457 


000577 


.001461 



Octal Decimal 



.000600 
.000601 
. 000602 
. 000603 
. 000604 
. 000605 
.000606 
.000607 
.000610 
.000611 
. S00S12 
.000613 
.000614 
.000615 
.000616 
.000617 
.000620 
.000621 
. 000622 
. 000623 
.000624 
.000625 
.000626 
. 000627 
.000630 
.000631 
.000632 
.000633 
.000634 
.000635 
.000636 
.000637 
.000640 
.000641 
. 000642 
. 000643 
.000644 
.000645 
. 000646 
.000647 
.000650 
.000651 
.uvutiiZ 
.000653 
.000654 
.000655 
.000656 
.000657 
.0006^0 
.000661 
.000662 
.000663 
000664 
.000665 
000666 
000667 
.SM670 
.000671 
.000672 
.000673 
.000674 
.000675 
.000676 
.000677 



.001464 
.001468 
.001472 
.001476 
.001480 
.001483 
.001487 
.0OJ49I 
,001495 
.001499 
. 0015C2 
.001506 
.001510 
.001514 
.001518 
. 001522 

.001525 

.001529 

•001533 

.001537 

.001541 

.001544 

.001548 

.001552 

. 001556 

.001560 

.001564 

.001567 

.001571 

.001575 

.001579 

.001583 

.001586 

.001590 

.001594 

.001598 

.001602 

.001605 

. 001609 

.001613 

.001617 

.001621 

.001625 

,001628 

.001632 

.001636 

.001640 

.001644 

.001647 

.001651 

. 001655 

.001659 

.001663 

.001667 

.001670 

.001674 

.001678 

.001682 

.001686 

.001689 

.001693 

.001697 

.001701 

.001705 



Octal Decimal 



.000700 


^001708 


.000701 


.001712 


.000702 


.001716 


. 000703 


.001720 


. 000704 


.001724 


. 000705 


.001728 


. 000706 


.001731 


.•000707 


.001735 


.000710 


.001739 


.000711 


.001743 


.000712 


.001747 


, 000713 


.001750 


.000714 


.001754 


.000715 


.001758 


.000716 


.001762 


.000717 


.001766 


. 000720 


.001770 


.000721 


.001773 


.000722 


.001777 


.000723 


.001791 


.000724 


.001785 


.000725 


.001789 


.000726 


.001792 


.000727 


.001796 


000730 


.001800 


000731 


.001804 


000732 


.001808 


.000733 


.001811 


. 000734 


.001815 


.000735 


.001819 


.000736 


.001823 


.000737 


.001827 


.000740 


.001831 


.000741 


.001834 


.000742 


.001838 


.000743 


.001842 


.000744 


.001846 


.000745 


.001850 


. 000746 


.001853 


.000747 


.001857 


.000750 


.001861 


.000751 


.001865 


.000752 


.001869 


.000753 


.S8:S7I 


.000754 


.OOlRTf 


.000755 


.001880 


.000756 


.001884 


.000757 


.001888 


.000760 


.601892 


.000761 


.001895 


.000762 


.001899 


.000763 


.001903 


.000764 


.001907 


.000765 


.001911 


.000766 


.001914 


.000767 


.001918 


.000770 


.001922 


.000771 


.001926 


.000772 


.001930 


.000773 


.001934 


.000774 


.001937 


.000775 


.001941 


.000776 


.001945 


.000777 


.00I»49 
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DEC PRODUCT SUMMARY 



DIGITAL MODULES 

DIGITAL is one of the world's largest suppliers of digital circuit modules^ 
DIGITAL modules have been used in computers, interfaces and spec.al-purpose 
systems since 1958. 

The two major module lines are the M Series TTL integrated circuit modules 
and the K Series low-speed noise-immune logic. The M Series Ime has now 
been expanded to over'eo modules. The K Series product °ffermg has also 
been expanded and now comprises nearly 70 modules, all compatible with M 
SiesTomple^^^^^^^^ its basic logic, expanded K series offers specia ize^ 
functional modules such as sensor converters, communication interfaces, 
120 V ac iLrfaces, drivers for solenoids and motors, and logic level con- 
verters for tying either high-speed or noise-sensitive logic to other devices. 

As the cost of the logic itself decreases, it becomes increasingly importa"* 
fhat efficient? reliable'and inexpensive hardware be -mailable to keep total 
svstem costs down. DIGITAL provides this hardware. Now, from a few to 
thousands o? modules can be connected, wired, mounted powered and en- 
closed efficiently with the lowest-cost-per-function in the industry. 

DIGITAL'S complete line of power and hardware accessories provides every- 
thing needed to put your designs into action, from connector blocks to mount- 
nT?aWnets Sev'en power supplies, six connector b'ock variations, ten mount 
ng panels, twelve blank module configurations and five types of connector 
cards are among the well over 100 different hardware and accessory items 
offered by DIGITAL. 



395 



PDP-10 

PDP-IO is an expandable, 36-bit computer system designed to perform con- 
versational time-sharing, real time applications, and batch processing simul- 
?.w'°•.''I■.!I.•^^"^'■^"*'y ^^'■^'"S '" ^"^h wide spread applications as^yTics 
tinn Tin'chLX" '^'f??"' P?^^^^ ^°"*''°'' university and industrial computa- 
tion, time-sharmg utilities, chemical research, and hybrid simulation. 

The PDP-10 includes an extremely powerful processor with 16 general purpose 
registers for use as accumulators or index registers, from 16,384 to 262 144 
The PD°P fot'l'°''^ memory and a seven level priority interrupt subsysiem. 

Ind fn^rrfi^i! f foJ/.° ^"' ^"^'"^ P''^"'^^^ 200K word/sec transfer rate 
and 'nterfaces up to 128 devices or device controllers with the processor. It 
has 366 easy-to-learn and logically complete instructions. 

nrLrT^° systems have in common two basic hardware elements: the central 

PDP Tn rnnX 'r' TT^""^" ^^^ ^'""^ '^"''^' P^°^^^^°^ '^ "^^d in every 
mnHnS '^°"J.S"/2*'°"'. but core memory can be composed of any mix of several 
modules, which vary m size, speed, and cost. 

The remainder of the system depends upon the functions it will perform. Soft- 
ware choices include three levels of monitors: single user, multiprogramming 
and the multiprogramming/swapping monitor. Most software is re-entrant so 
that a single compiler can serve many users simultaneously, allowing more 
users to reside in core at the same time and providing better system response. 

Other software includes FORTRAN IV, BASIC, AID, COBOL, a macro assembler 
IrlTTn^^l V fy"^bolic debugging program, a peripheral interchange pro- 
fSTr; nn ^^'^"'^t^^.^^d FORTRAN library programs. All software systems 
assure upward compatibility from the standard 16. ^S4 worHc of Jio^..., 
through the multiprogramming and swapping systems at hnth^thp ^ymhoii^ 
ana relocatable binary level, ' ' 

Hardware choices include three types of disk systems, magnetic tape units, 
utotape systems, line printers, card readers and card punches communica- 
tions equipment, CRT displays, plotters, and real-time interface equipment 

a^L]ilLTnr^^, ^ 1-T;^''°^«c°"d cycle time, a 2.6 microsecond add time and 
a modular, proven software package that expands to make full use of all hard- 
ware configurations. Memory can be expanded in 8,192, 16,384 or 32 768 
word increments to the maximum directly addressable 262 144 words ' 






PDP-12 

Digital's PDP-12 is a general-purpose computer system. It is designed as a 
simple to operate, yet uniquely flexible tool for a wide variety of research and 
real-time data handling applications. 

Performance characteristics of the PDP-12 have been optimized around a 
complete hardware/software system, rather than an expandable minimum 
configuration. The PDP-12 systems concept works to the advantage of users 
at all levels of programming sophistication. By simplifying programming 
tasks, the PDP-12 frees users from the mere mechanics of program prepara- 
tion to concentrate on the more creative aspects of their work. 

The following is a brief list of some of the PDP-12's outstanding features: 



• All-new, unified display-based programming system 

• Automatic program loading from magnetic tape 

• Built-in program debugging hardware 

• 7" X 9" CRT display with graphic and alphanumeric capabilities 

• Large existing library of applications programs 

• TTL integrated-circuit modules throughout 

• LINCtape-addressable, bi-directional program and data storage 

• Free-standingcabinet and console table 



Specifications: 



• 



4,096 12-bit words of core memory, expandable to 32,768 words 



• 1.6 microsecond cycle time 



• 



43 basic instructions including 29 memory reference instructions 



• 15 auto-index registers 



• 



6 programmable SPDT relays 

• 6 sense switches 

• 12 external sense lines 
Peripherals including 16-channel A/D converter, DECtape units, and new 
7" X 9" display, all fully buffered 

Software: new unified display-based system; FORTRAN, FOCAL, BASIC, 
mathematical, maintenance, and" utility routines 



• 
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PDP-15 

PDP-15 systems offer comprehensive solutions to real-time data problems. 
They combine new design concepts with a wide array of traditional features that 

Opiiii^ iiuiii UfigiLai a ycdis ui icdUdoiiip ill liio iiicuiuiii-ov^aic ov^i^i ii.iiiw %^uiii- 

puter field. Both elements share the common purpose of simplifying the user's 
tasks in a demanding real-time environment. 

Since certain types of data-handling tasks require specific- hardware and soft- 
ware i configurations. Digital has developed four standard PDP-15 systems, 
ranging in power from the modestly priced basic PDP-15/10 to the real-time 
disk monitor environment of the PDP-15/40. At every level, the capabilities of 
the hardware are under the control of a monitor designed specifically for them, 
so that for every step of hardware growth there is a "straightforward step of 
software control to match. 

• PDP-15/10: 4,096 18-bit words of 800-nanosecond core memory, Teletype 
Model ASR-33 console teleprinter. 

COMPACT Software System including assembler, editor, debugging aids, 
and mathematical and utility routines. 

• PDP-15/20 Advanced Monitor System: 8,192 words of core memory, KSR-35 
Teletype for extra reliability, two DECtape transports and control unit, high- 
speed paper tape reader/punch. Extended Arithmetic Element for high-speed 
arithmetic operations and register manipulation. 

Advanced Monitor System with FORTRAN IV, FOCAL-15, MACRO-15 macro 
assembler, linking loader, batch processor, system generator, scientific 
library, and comprehensive debugging and utility routines. 

• PDP-15/30 Background/Foreground System: 16,384 words of core memory, 
KSR-35 Teletype, Extended Arithmetic Element, Autotnaiic Priority hiterrupt 
system, Memory Protect system, high-speed paper tape reader/punch, three 
DECtape transports and control unit real-time clock, and a second on-line 
Teletype for background use. 

Background/Foreground Monitor System combining all Advanced Monitor 
functions with concurrent execution of real-time foreground tasks and pro- 
gram development or other low-priority background computation. 

• PDP-15/40 Disk-Oriented Background/Foreground System: 24,576 words 
of core memory, KSR-35 Teletype, Automatic Priority Interrupt system, 
Relbcation/Protect system, high-speed paper tape reader/punch, two DEC- 
tape transports and control unit, RF15 DECdisk control and two RS09 
random-access disk files, real-time clock, and a second on-line Teletype for 
background use. 

Disk-oriented version of the Background/Foreground Monitor system, allow- 
ing concurrent execution of real-time tasks and background computation, in 
addition to all standard Advanced Monitor functions. 
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COMPUTER LAB 

The COMPUTER LAB is a new high performance low-cost digital logic trainer. 
The COMPUTER LAB uses the same monolithic integrated transistor-transis- 
tor logic circuitry used in DIGITAL'S latest POP computers. 

The digital logic fundamentals presented by the COMPUTER LAB constitute 
the basic knowledge required to pursue a career in computer technology as 
computer technician, engineer, programmer or operator. The COMPUTER 
LAB will also help the math-oriented student to understand "New Math" 
concepts because computer logic operates with binary numbers according 
to Boolean algebraic laws. 

Wiring is easy because of the standard logic symbology used on the front 
panel and the color coded Patchcords which are easily inserted and removed. 
An improper circuit will not damage the COMPUTER LAB. The faulty circuit 
merely "waits" for correction. 

Features: 

• Transistor — Transistor logic circuitry as used in DIGITAL'S PDP computers 

• Teaches modern computer logic 

• Easy to use: MIL-STD 806 logic symbology on front panel 

• Portable: Dimensions of 121/^" x 17" x 3V4", weighing only 11 lbs. 

• Comprehensive Workbook provides: 

— ^Ten detailed chapters 
— More than 30 experiments 
— Over 200 hours of laboratory study 
— Dozens of tables and diagrams 
— ^An extensive appendix of supplementary information 

• Teacher's Guide with answers, additional text, extra problems, course plans, 
at only $5.00 

• Low cost: COMPUTER LAB, Workbook and Patchcord set, ready to use 
$445.00 
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